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 Maxwell, Phoebe Yvette. Ed.D. The University of Memphis, December 2017.  An 
Evaluation of Voluntary Pre-kindergarten (VPK) Participation on First and Second Grade 
Reading and Math Performance in an Urban School System.  Major Professor: Charisse 
Gulosino, Ed.D. 
This study examined the longitudinal performance of a district-wide cohort of students who had 
accumulated scores for both kindergarten and first and second grade analysis. The sample was 
disaggregated by pre-kindergarten participation and student demographics such as gender, 
minority status, limited English proficiency, students with disabilities, and socioeconomic status. 
The KRI Language, KRI Math, SAT-10 Reading, and SAT-10 Math assessment scores were 
used for the data analysis. Sample data were collected from the beginning of kindergarten and at 
the end of second grade.  
 This study utilized the average treatment effects (ATE) model in observational studies to 
determine the effects of the Voluntary Pre-kindergarten (VPK) education program on the 
achievement measures in an urban school district. The results of the univariate tests were 
somewhat mixed, revealing no difference in the comparison of means test for the academic 
achievement outcomes between VPK and non-VPK participants in the first grade but some 
difference in the second grade. The ATE results revealed some important patterns. First, the 
study found a positive and statistically significant relationship between kindergarten achievement 
scores and specific first-grade and second-grade reading and mathematics skills and knowledge. 
Second, students with minority and low-income status, who were male, and who had disabilities, 
were associated with a negative impact on reading and math achievement. The study also found 
higher academic achievement results for second-grade students who were enrolled in schools 
with high Tennessee Value-Added Assessment System (TVAAS) scores and optional-school 
programs. Third, on the whole, the academic effects of the VPK program in later grades were 
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mixed, where the ATE results suggest negative effects in reading and math scores in the first 
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Recognition of the Problem 
Educating children in an urban school system with high levels of poverty and poor 
academic achievement is a complicated issue, one that plagues many school districts across the 
nation. Over the past few years, business and industry leaders have acknowledged that the 
candidates for workplace employment lack many of the necessary skills they need to be 
successful. A major contributor to this problem is the fact that a large number of children have 
not achieved reading proficiency before completing third grade (Smith, 2011). This is 
particularly true in economically disadvantaged, urban areas where preschool aged children are 
less likely to have access to experiences that help support school readiness. School readiness 
refers to aspects of children’s social and academic development that are associated with their 
preparedness for formal schooling (Skibbe, Connor, Morrison, & Jewkes, 2011). It is important 
to note that variables such as the increased number of working mothers and splintered family 
units are becoming increasingly the norm rather than the exception and have amplified the need 
for early childhood education programs for preschool children and their families (Shaul et al., 
2003). For these reasons, it is important to understand the effect of preschool on children’s 
school readiness. 
There is a strong link between school performance and future life outcomes (Auguste, 
Hancock, & Laboissiere, 2009; Barnett, 1998; Magnuson, 2007). Research shows that entering 
school without the requisite skills and preparedness creates short-term obstacles that could 
produce detrimental long-term economic and social outcomes (Auguste et al., 2009). When 
compared with other children, low-income and minority children are more likely to drop out of 
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high school. This variable has been correlated with increased incarceration and teenage 
pregnancy rates, as well as lower lifetime incomes (Barnett, 1998). Low levels of educational 
attainment are also correlated with heightened incidences of smoking, obesity, and unhealthy 
lifestyles, thereby increasing demands on public health resources (Auguste et al., 2009). There 
are links to civic engagement, with high school graduates being twice as likely to vote as people 
with an eighth-grade education or less and college graduates being 50% more likely to vote than 
high school graduates (Magnuson, 2007). As public schools continue to open their doors to a 
more culturally and academically diverse population, understanding the relationship between 
pre-kindergarten attendance and the social, emotional, and cognitive development of children has 
important implications for the delivery of early childhood education services in areas of greater 
socioeconomic disadvantage (Morrison, 2015).  
Pre-kindergarten Programs in Historical Context 
 Pre-kindergarten (Pre-k) programs serve more children in the United States than any 
other type of publicly funded preschool option, including Head Start (Barnett, Carolan, 
Fitzgerald, & Squires, 2012; Morrison, 2015). Pre-k has emerged into an arena that already 
includes several types of early childhood education and care programs, such as Head Start, 
preschools, nursery schools, and community-based daycare centers (Magnuson, Meyers, Ruhm, 
& Waldfogel, 2004). Public support for government spending on access to high-quality early 
learning opportunities such as Pre-k funding from state and federal sources is gaining 
momentum. According to Stevens and English (2016), between 1980 and 2016, the number of 
states with publicly funded Pre-k programs increased more than fourfold, from 10 to 45. Since 
2002, state spending on Pre-k has increased by nearly 300%, growing from $2.4 billion to almost 
$7 billion in 2016. The proportion of 3- and 4-year-olds attending preschool has almost tripled 
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since 1970, up from 21% to 55% in 2013 (Stevens & English, 2016). In 2015, 11 states boosted 
their Pre-k funding by more than 25% (Parker, Atchison, & Workman, 2016). Much of this 
impetus began in 1965 with the Title 1 Elementary and Secondary Education Act (ESEA), in 
which the federal government sought to narrow the achievement gap by directing funds to 
schools with high proportions of low achieving, economically disadvantaged students. The 
legislation deemed these children “educationally deprived” relative to other children in their 
districts (Lee, Loeb, & Lubeck, 1998).  
In 1990, President George H. W. Bush and 50 governors created the National Education 
Goals Panel, which stated that by the year 2000 all children would start school ready to learn. 
The demand for educational improvements persisted with the passage of the No Child Left 
Behind (NCLB) Act of 2001, in which government raised expectations for the achievement of all 
children, including those children from disadvantaged backgrounds (Schumacher, Irish, & 
Lombardi, 2003). In an effort to provide stronger foundations for students entering the K-12 
arena, many states have enacted early childhood intervention programs, such as Pre-k. In this era 
of more rigorous demands and high-stakes accountability, Pre-k has emerged as a vital and 
sustainable intervention that promotes school readiness and closes the achievement gap in 
elementary school and beyond (Chapman, 2010).  
Pre-kindergarten Programs in Tennessee 
In 1998, pre-kindergarten programs were piloted in Tennessee. The push for state-funded 
Pre-k in Tennessee began in 2005 as part of legislation that allocated excess lottery dollars to 
early childhood programming (Tennessee Department of Education, 2015). The Tennessee 
Voluntary Pre-Kindergarten (TN-VPK) program was established to provide high-quality, early 
childhood education services in accordance with the Tennessee Early Childhood Education Plan 
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as adopted by the State Board of Education and stated in T.C.A. Section 49-6-101 (Tennessee 
Department of Education, 2015). At the end of the 2011-2012 school term, 18,609 children were 
served in 934 classrooms throughout the state with every district offering at least one classroom 
(Barnett et al., 2012). These classrooms served approximately 21% of 4-year-olds in Tennessee. 
Race to the Top (RTTT), a $4.35-billion competitive grant created to spur innovation and 
reforms in state and local districts’ K-12 education, was announced in 2009 by President Barak 
Obama. Funded through the American Recovery and Reinvestment Act, RTTT emphasized 
• designing and implementing rigorous standards and high quality assessments, 
• attracting and keeping great teachers and leaders in America's classrooms, 
• supporting data systems that inform decisions and improve instruction, and 
• using innovation and effective approaches to turn around struggling schools 
• demonstrating and sustaining education reform.  
(Tennessee Department of Education, 2009) 
Tennessee was awarded a RTTT grant of over $501 million. The main focus for Tennessee was 
improving student achievement through young students' academic readiness, high school 
graduates' readiness for college and careers, and higher rates of graduates enrolling and 
succeeding in postsecondary education (Tennessee Department of Education, 2009).  
 With these funds, Tennessee initiated a competitive voluntary pre-kindergarten grant 
application process for independent organizations through school districts. The program is not 
mandated for districts to provide or for students to attend. It is designed specifically for children 
who will be 4 years of age prior to August 15 of the new school year and reside in the area 
served by the district. TN-VPK enrollment priorities specify that children from disadvantaged 
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backgrounds (those who qualify for the federal free and reduced-price lunch program) have 
priority access to state-funded preschool programs. The priorities are as follows: 
• 1st Priority (Tier 1) - Pursuant to state law T.C.A. §49-6-101, students identified as 
economically disadvantaged. This identification is based on income levels set by 
Department of Health and Human Services and used during the application process to 
determine income eligibility for enrollment. Priority enrollment is also given to children 
who meet the income guidelines and have had a military parent killed in action, declared 
missing in action, or declared a prisoner of war. Any child meeting this criterion is 
moved to the top of the enrollment list. 
• 2nd Priority (Tier 2) - Students with disabilities, students identified as English 
learners, students in state custody, or those identified as educationally at-risk for failure 
due to circumstances of abuse or neglect. 
• 3rd Priority (Tier 3) - If an insufficient number of children meeting the above 
enrollment requirements are enrolled to fill a specific classroom, the LEA may enroll any 
child who meets the age requirement and the requirements set forth by the C-PAC. 
(Tennessee Department of Education, 2015) 
The TN-VPK Effectiveness Study, a coordinated effort between Vanderbilt University's 
Peabody Research Institute and the Tennessee Department of Education, recently concluded a 
study to review the effects of TN-VPK on reading and school readiness. It included the first 
randomized control trial of a scaled-up, state-funded Pre-k program. It also followed those 
children to determine if the effects were sustained and whether or not it improved those students’ 
performance on the state achievement test (TCAP) in the third grade (Lipsey, Farran, Bilbrey, 
Hofer, & Dong, 2011). The Vanderbilt research team found that children attending TN-VPK 
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made greater gains on a range of early achievement measures when compared to peers who did 
not participate. By the end of kindergarten, however, there was no significant difference between 
the TN-VPK group and the control group. By second grade, academic achievement in both 
groups had diminished and fell below national norms. The final installment of the results showed 
that this trend continued through the third grade. Moreover, by the end of second grade and 
continuing in third, the children who attended TN-VPK lagged behind on many of the 
achievement measures relative to the comparable children who did not attend VPK (Lipsey, 
Farran & Hoffer, 2015a, 2015b). 
Background of study 
  Despite the fact that preschool programs for 4-year-olds are the fastest growing category 
of public spending on education (Barnett & Yarosz, 2004), both state and federal governments 
have fallen short of what is needed to ensure that children from lower-income families and 
children from urban areas can access a high-quality, early education that will prepare them for 
success. Important consequences for children and schools are relevant for policymakers and 
residents of urban areas. Research from longitudinal studies of high-quality preschool programs 
provided to children from economically disadvantaged families indicates that these interventions 
generate significant social benefits in terms of higher earnings of participants, higher tax 
revenues, and lower costs to the public for criminal behavior and income support programs 
(Heckman & Masterov, 2007; Temple & Reynolds, 2007). Much attention has been given to the 
extent to which Pre-k prepares young children for continued educational success. 
 For example, the High/Scope Perry Preschool Study, which began in 1962, has been the 
focus of an ongoing longitudinal study of 123 high-risk African American children to assess the 
effects of a high-quality preschool program on varied educational outcomes (Schweinhart et al., 
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2005). A 2005 cost-benefit analysis of the original participants at age 40 indicated that those who 
had the preschool program had higher earnings, were more likely to hold a job, had committed 
fewer crimes, and were more likely to have graduated from high school than adults who did not 
have preschool (Nores, Belfield, Barnett, & Schweinhart, 2005; Schweinhart et al., 2005). 
 Another study, the Abecedarian Project took place in Chapel Hill, initiated in 1972 in 
Chapel Hill, North Carolina, provided educational child-care and high-quality preschool from 
age 0-5 to children from socially disadvantaged backgrounds. A follow-up study of the group at 
age 21 showed that those who had received early childhood education services were more likely 
to pursue higher education, postpone having children, and perform well on intelligence tests. 
 Finally, the Chicago Child-Parent Center (CPC) Program was established in 1967 
through Title I of the ESEA (the Act's largest funding program). The program was designed for 
children in poverty who lived in Chicago’s west side neighborhoods: children who were born 
into poverty and the corresponding cyclic relationship to socioeconomic disadvantages that 
depress student performance (Reynolds, 1991). The Chicago Longitudinal study (Reynolds, 
Temple, Robertson, & Mann, 2001) began in 1986 with 1,539 low-income minority students 
from 26 Chicago public schools. Initial results indicated that the program had positive effects on 
children’s academic and social outcomes (Reynolds, 1991, 1995; Reynolds et al., 2001). A 
follow-up study conducted in 2001 revealed that students who participated in the preschool 
program had higher earnings, better health (i.e., less likely to be identified for special education 
services), were more economically independent, and were less likely to be involved in the 
criminal justice system (Reynolds et al., 2001). Lynch (2004) reported that the High/Scope Perry 
Project, the Abecedarian Program, and the Chicago Infant Health and Development Project, all 
well-designed and well-implemented programs, have shown some effects that are immediate and 
 8	
some effects that last through elementary school. The effects included higher reading 
achievement, higher literacy scores, lower grade retention, lower special education referrals, and 
higher rates of high school graduation.  
 Given what we know about the influence of social class on school readiness and social 
inequality in the City of Memphis and Shelby County, it seems that considerably more resources 
are required to be spent on educating disadvantaged children and/or groups to meet actual 
demand for VPK seats in high-need areas. To illustrate, the 2014 State Report Card for Shelby 
County Schools noted that 79.8% of school-age children were living in poverty (Tennessee 
Department of Education, 2015). The 2010-2014 American Community Survey (ACS) estimated 
the proportion of families in Shelby County who were living in poverty at 16.8% and the number 
of individuals at 21.3%. The proportion of children living in poverty was estimated at 32.4%. 
These percentages increased in the Memphis metropolitan area, with ACS reporting a poverty 
rate of 22.6% for families, 27.4% for individuals, and 42.3% for children. The population of 
persons below 5 years of age in Shelby County Schools was estimated at 67,594 (7.2% of county 
population in 2014).1 Considering all age groups under 5 as equal, the 4-year-old population 
would be approximately 16,900. Shelby County Schools (SCS) and its Head Start partner Porter-
Leath are currently offering the VPK program in 120 school sites, serving 5,420 children in the 
greatest need (Roberts, 2014). Dividing the number of VPK participants listed above by the 
approximated population of 4-year-olds reveals the VPK program in SCS is currently serving 
only 32% of the 4-year-olds with the greatest need. The nature of the socio-demographic 
characteristics in the district (SCS) where this study took place, provides a compelling 
background to examine the impact of compensatory preschool education programs (VPK) on 
student performance in early elementary grades. Within Shelby County, because of the 
																																								 																				
1	Based on US Census Bureau 2014 population estimates. 
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socioeconomic segregation of housing patterns on the one hand and the system of neighborhood 
schooling on the other, schools are highly segregated by levels of socioeconomic need. 
Socioeconomic disparities within the county (SCS and the new suburban districts) have 
historically been linked to both resource and school performance gaps. 
Implementing early learning programs (Universal Pre-k, Head Start, parental care, and 
VPK) may aid in closing the achievement gap and ensuring kindergarten readiness for 
disadvantaged children in large, urban school districts. Thus, the overarching goal of this study is 
to identify the causal effect of participation in Shelby County’s VPK program on the academic 
achievement shown by students once they enter the traditional K-12 environment. The study also 
seeks to examine dominant trends in the overall pattern of achievement outcomes in reading and 
math for VPK and non-VPK students and to determine if, overall, the district's VPK students 
demonstrate any clear differences in their performance on kindergarten, first-, and second-grade 
assessments relative to their non-VPK peers, as measured by the KRI and the SAT-10 reading 
and math assessments. 
Statement of the Problem 
 Compared to suburban and rural school districts, large urban school districts like Shelby 
County are often marked by entrenched poverty, greater racial/ethnic isolation, larger 
concentrations of immigrant populations, and more frequent rates of student mobility 
(Kincheloe, 2004, 2010). Dropout rates in urban schools continue to increase, and progressively 
more students are starting kindergarten without the skills needed to compete with their 
economically advantaged peers. Urban school districts must support the type of climate within 
prekindergarten programs that foster the growth, academic performance, citizenship, and ethics 
in our current and future preschool student population (Lazarus, 2007). 
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  This study seeks to gain insight into what effect specific prekindergarten intervention 
programs have on school readiness and student achievement in large urban school districts; 
particularly, within the Shelby County School District. The challenges facing early learning 
programs cannot be divorced from their sociodemographic context. According to Orfield (2004), 
segregation and poverty underlie grander issues in urban education systems: it is wrong to 
assume that segregation is irrelevant, and policies that ignore that fact simply punish the victims 
of segregation because they fail to take into account many of the causes of the inequality. 
Sociodemographic attributes have a significant impact on how urban schools are structured. The 
concentration of poverty and racial isolation matters in that it is directly related to processes that 
significantly influence school readiness as early childhood precursors (Morrison, 2015; 
Rumberger & Palardy, 2005).  
Research Questions 
The following research questions guided this study:  
1. Is there a significant univariate difference in the academic achievement in SAT-10 
reading and math norm-referenced scores between students who attended the district-
sponsored prekindergarten program (VPK) and students who did not (non-VPK)? 
2. Is there a significant univariate difference in the academic achievement in each of the 
subdomains of the SAT-10 reading and math scores between students who attended the 
district-sponsored prekindergarten program (VPK) and students who did not (non-VPK)? 
3. What is the average treatment effect of VPK participation on reading and math 
achievement outcomes in the first grade and second grades, as proxied by SAT-10 
reading and math norm-referenced scores? 
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4. What is the average treatment effect of VPK participation on SAT-10 reading and math 
sub-domains in the first grade and second grades? 
Purpose Statement 
 The purpose of this study was to determine the effects of prekindergarten participation on 
student achievement in a large urban school district (Shelby County Schools) as measured by 
norm-referenced reading and math scores for first and second grades. 
Significance of the Study 
In 2016, Tennessee reconfigured the prekindergarten grant application process. 
Approximately $6.2 billion in state funding has been provided for Pre-k programs serving almost 
1.4 million children across the nation (NIEER, 2015). The purpose of these programs is to 
increase student achievement and to prepare them for the more rigorous challenges that exist in 
today’s educational systems. One of the issues with state-run Pre-k programs is that even within 
the same community quality tends to vary. It is also interesting to note that most state-funded 
programs target disadvantaged children, and few have attempted to create programs that support 
the needs of all preschool children. With the increase in state-funded programs, it is valuable to 
assess whether these programs indeed support school readiness.  
Existing research studies (Heckman, 2011; Murphy, 2009; Kain, 2011) have suggested 
that, in large urban school districts, the issues related to preschool children have an inimitable 
negative impact on these children throughout their educational careers. In addition to learning to 
read and write, many of these students also have to contend with personal and community issues 
(poverty, homelessness, fractured families, drugs, crime, and excessive mobility) that, if not 
addressed, tend to negatively impact their baseline cognitive attributes and overall performance 
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in school. No school district, regardless of size, can afford to allow any child to have less than a 
positive educational start (Lazarus, 2007). 
Similar studies (Reynolds, 1991, 1995; Reynolds et al., 2001; Schweinhart et al., 2005) in 
urban areas have shown positive effects of prekindergarten, ranging from increased reading 
proficiency to lower dropout rates and decreased special education eligibilities. Moreover, a 
Shelby County Schools (formerly Memphis City Schools) study (Sell, 2009) indicated that 
participating in any type of center-based care program (SCS Pre-k, Head Start, or Child Care) 
was better on Kindergarten Readiness Indicator (KRI) language and math scores than not 
attending at all, and attending a program that is state-funded (SCS Pre-k) was better on KRI 
language and math scores than attending a community-based program (Head Start, Child Care, 
or home care).  
In contrast, a randomized control experiment (Lipsey et al., 2015a, 2015b) conducted 
specifically on the Tennessee Voluntary Pre-Kindergarten initiative found a “fade-out” effect by 
the end of third grade. This study adds to the body of research on the effects of urban early 
childhood education programs in general, especially from an evaluation perspective. Conducting 
a similar, but not replicated study, which uses average treatment effect specific to an urban 
school district would provide additional information regarding the impact of a properly 
functioning, district-run, prekindergarten program. It would also resolve the existing conflict 
between previous and recent research studies.  Policy makers, district leaders, and large urban 
school communities could use the information gleaned from this study to make informed 
decisions as they move to expand prekindergarten programs to support the needs and academic 
achievement of preschool children in large urban areas. 
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Limitations and Delimitations 
Variables not being considered in this study may have impact and influence on the results 
of the proposed study. Possible limitations to this study include: 
• This study used data obtained from the district office. 
• The information available provided a list of students who attended public 
school Pre-k in the school district. Information on private, center-based, or 
community-based Pre-k attendance was unavailable; therefore, an unspecified 
number of students who were coded as not having attended Pre-k actually 
attended Pre-k in another arena. 
• In the district where this research study was conducted, Pre-k is available to a 
limited number of students based on at-risk factors including socioeconomic 
status, special needs and knowledge of English language.  
• Teacher experience and qualifications vary from grade to grade. 
• Participants in this study were not limited to students who were instructed by 
the same teacher each year.  
• Students were instructed in multiple classrooms resulting in differences in 
instructional effectiveness. 
• The population was limited to one group of students who progressed through 
second grade as a cohort. 
• This study was limited to data analysis from the KRI and SAT-10 assessments 
for student achievement in reading and math with no other quantitative data 
considered. 
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• The study used the average treatment effect model without an instrumental 
variable (IV) estimator. The study did not have access to a credible 
instrument. As a result, the usual approach for dealing with nonrandom 
selection using an exclusion restriction does not seem viable.  
• Finally, this study did not have pretreatment variables for VPK participants, a 
clear limitation of the data. 
Definition of Terms 
 Economically Disadvantaged Status (Socioeconomic Status) – This term refers to 
eligibility for free or reduced school meals under the National School Lunch and Child Nutrition 
Program. This term identifies documented current annual family income level to determine 
eligibility for free, reduced-, or full-priced rates according to the National School Lunch and 
Child Nutrition Program (Tennessee Department of Education, 2008). 
Pre-Kindergarten – The time immediately preceding kindergarten, typically for 3- to 5-
year-old children, with programming that typically focuses on early childhood development 
related to school readiness and/or social skills (Morrison, 2015). 
Tennessee Voluntary Preschool for All Program – An academic program open to all 4-
year-olds in the State of Tennessee with priority given to struggling students from low-income 
families (Tennessee Department of Education, 2008). 
KRI (Kindergarten Readiness Indicator) – A locally written standardized assessment 
designed to offer teachers immediate feedback about students’ mathematics and language arts 
skill levels and then used to guide instructional decisions within the kindergarten classroom 
(Sell, 2008). 
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SAT-10 (Standard Achievement Test) – A district-mandated assessment carried out to 
obtain district-wide data about students’ performance. It is a standardized, “norm-referenced” 
achievement test that uses a multiple-choice format. It compares a student’s score against the 
scores of other students taking the test. Reports the percentile rank where each test-taker stands 
in the group (Harcourt Assessment, 2002). 
Title I (1965) – A part of the Elementary and Secondary Education Act passed by 
Congress in 1965 for the express purpose of improving the academic achievement of the 
disadvantaged (United States Department of Education, 1965). 
Organization of Study  
This study will be organized into five chapters: 
• Chapter 1 presents the introduction to the study, which will include the 
following: (a) Background of the Study, (b) Statement of the Problem, (c) 
Research Questions, (d) Purpose of the Study, (e) Significance of the Study, 
(f) Limitations of the Study, (g) Definitions of Key Terms, and (h) 
Organization of the Study. 
• Chapter 2 presents the review of related literature, including the following: (a) 
Historical Perspective, (b) Theories Applied to Pre-kindergarten Education, 
(c) Policy Considerations, (d) Pre-kindergarten Studies and Effects, and (e) 
Pre-kindergarten Evaluation Methods. 
• Chapter 3 discusses the methodology including (a) Research Methodology, (b) 
Population/Sample, and (c) Instrumentation.  
• Chapter 4 will describe the findings. 
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• Chapter 5 will provide the (a) Summary, (b) Conclusion, (c) Implications (d) 
























Review of the Literature 
This review of related literature provides a synthesis of the research relevant to the effects 
of preschool participation on student achievement. The chapter is divided into five sections: (a) 
historical perspective, (b) theories applied to prekindergarten education, (c) policy 
considerations, (d) prekindergarten studies and effects, and (e) prekindergarten evaluation 
methods.  
Historical Perspective 
 Early childhood education programs can be traced back to 17th century Europe when 
mothers started educating their children outside of the home (Morrison, 2015). From its 
inception, the quality of early childhood education has been based on a two-tier system for care 
and education of the preschool child: a child-minding or day care system for low-income 
children developed in response to the necessity of maternal employment outside the home, and a 
nursery school or kindergarten system for middle-income children to supplement enrichment 
available at home (Cahan, 1989). As the years have progressed, the programs have taken various 
forms including day nurseries, Head Start, private preschool, and most recently the universal 
preschool (Cahan, 1989; Kamerman, 2006; Morrison, 2015; Vinovskis, 1993). The purpose of 
this section is to provide a historical explanation of the major developments that have led to the 
creation of Tennessee’s Voluntary Pre-K program with emphasis placed on the education of 
economically disadvantaged students. 
The Infant Schools 
 Social changes created by the Industrial Revolution initiated the infant school movement 
of the 1800s (Cahan, 1989; Kamerman, 2006). European factories began employing many 
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women who, for the first time, needed to work outside of the home (Roby, 1973). This increased 
demand for workers caused the predominantly rural, agricultural society to transform to an urban 
manufacturing community where mothers and some children worked on assembly lines. 
Working mothers were often forced to abandon or neglect their infants and young children. The 
Infant School Society was created as a result of a social reform movement to care for the very 
young during the day while their mothers worked (Cahan, 1989). Character education was 
deemed as the best way to decrease crime, poverty, and delinquency in children. Society soon 
began to realize the plasticity and educability of young children (Cahan, 1989). 
 During this period of change, “infant schools” came to the United States. Schools were 
set up in churches, factories, and private homes to care for the young while parents were working 
(Lipoff, 2013). The belief that poor, uneducated, working class parents could not or were not 
willing to properly socialize their children crossed the waters. The first infant school opened in 
Boston, Massachusetts, in 1828 (Cahan, 1989; Kamerman, 2006). The character development 
curriculum soon expanded to include academic enrichment, which caused the wealthy to demand 
similar programs for their own children (Cahan, 1989). By 1840, approximately 40% of 
preschool-aged children in the State of Massachusetts were enrolled in infant schools (Vinovskis, 
1993). However, the wealthy soon lost interest in infant schools. According to Vinovskis (1993), 
there were three reasons for the decline of infant schools: (1) attitudes among the affluent 
regarding the education and socialization of young children became focused on the family as the 
best source, (2) increased emphasis on the need for simultaneous mental and physical 
development of young children, and (3) public school systems wanted very young children out of 
their classrooms because the cost and responsibility were too great (Vinovskis, 1993). The 
dissolution of infant schools meant that poor working class parents were once again forced to 
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leave their children unattended while working long hours. This gap opened the door for the Day 
Nursery movement. 
The Day Nursery 
 Day nurseries began in France in 1844 (Cahan, 1989). Poor, working class families used 
day nurseries to care for their children’s basic needs such as cleanliness and nutrition while they 
worked. According to Adamec and Pierce (2000), children were taken from poor families that 
were unable to meet the needs of their children while working long hours for very little pay and 
cared for in institutions called almshouses. Almshouses offered a place for these children to 
receive care in the absence of other caregivers but were closed when reports of poor sanitation 
became public. The ultimate goal of the day nursery movement was to keep the family intact and 
prevent the institutionalization of children (Adamec & Pierce, 2000). 
 Day nurseries made their first appearance in the United States in New York City, 1854. 
They assisted unemployed parents by offering education programs and job hunting assistance 
(Cahan, 1989). However, the popularity of the day nursery decreased after the 1920s due to the 
rise of the social welfare system and the change in attitudes toward familial responsibility for 
child-rearing (Cahan, 1989; Kamerman, 2006). 
Nursery Schools 
 In 1905, the United Kingdom Board of Education acted on the recommendation of 
government-funded school inspectors to establish nursery schools for poor children under the age 
of 5 in areas with the greatest need (Brehony, 2009). The schools were located in areas where 
students lacked the basic nutrition required for physical development. Wealthy children were 
initially excluded from nursery schools because they did not require the social and medical 
services offered by the schools. Different from day nurseries, nursery schools were guided by 
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trained teachers (Cahan, 1989). The teachers provided parents with advice on rearing children to 
become emotionally, socially, physically, and psychologically healthy (Cahan, 1989).  
 By the 1920s, nursery schools began to emphasize the academic and social enrichment of 
children through interactions with their peers (Cahan, 1989). The attitude of the wealthy toward 
preschool education began to change as many parents began to focus on the psychological 
development of children in addition to their basic physical needs (Brehony, 2009). Private 
nursery schools were formed to meet the demand for institutions that could provide for the social 
and psychological needs of the children from prosperous families. These private nursery schools 
were fee-based, making them inaccessible to low income families. Only the upper and middle 
class families could afford to send their children to these schools (Brehony, 2009).  
 The public nursery schools focused on teaching parents how to meet the basic needs of 
their children (Cahan, 1989), whereas the private nursery schools regarded wealthy parents as 
being capable of meeting these basic needs and instead emphasized the importance of mental and 
social development of children (Brehony, 2009). This conflict between the attitude of the 
wealthy and the needs of the poor was the beginning of the two-tiered system of early childhood 
education that persists today (Brehony, 2009).  
Emergency Nursery Schools 
 During the Great Depression of the 1930s, the Works Progress Administration (WPA) set 
up emergency nursery schools to provide work for unemployed teachers (Arnesen, 2007). The 
schools grew out of the Federal Emergency Relief Administration (FERA) proposed by President 
Roosevelt to provide work for qualified adults, bring support to struggling families, and expand 
relief programming. As many as 2,500 emergency nursery schools appeared in the public and 
private sector by 1940. The deterioration of the emergency nursery school was caused by the 
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inequity of access and quality of schools and services, the decrease in unemployment brought 
about by the beginning of World War II, and conflicting attitudes of the wealthy towards social 
welfare programs for the poor (Cahan, 1989; Kamerman, 2006). These schools accomplished a 
great deal in improving the nutrition, health supervision, and medical service of the children 
enrolled (Stoddard, 1934).  
Community (Lanham) Act Schools 
 During World War II, 16.1 million American men left home to fight (Hull, 2006). 
Women became the sole providers for their families, and most worked in war-related jobs 
(Cahan, 1989). Over 6 million women went to work during the war (Chafe, 1972). The massive 
entry of women in the workforce raised the issue of childcare for working mothers (Herrick & 
Stuart, 2005). The Roosevelt Administration responded to this need with a series of 
administrative decisions called the Community (Lanham) Acts in 1943 (Rose, 2009). The goal of 
the Community (Lanham) Act was to establish daycare centers to enable mothers to enter the 
work force to support the war effort. As World War II ended, some mothers returned to the home 
to care for and educate their children (Cahan, 1989; Kamerman, 2006). The prevailing attitude 
among most Americans was that young children were best reared in the home by the mother, 
despite the fact that women continued to work even as the war ended (Cahan, 1989). Following 
World War II, the Community (Lanham) Act day care centers closed (Roby, 1973). Nursery 
Schools continued to focus on the development of the children of middle and affluent families 
(Cahan, 1989; Kamerman, 2006; Rose, 2009). 
Head Start 
 The Economic Opportunity Act (EOA) of 1964 was at the core of President Lyndon 
Johnson's War on Poverty. It launched programs on multiple fronts to improve the 
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socioeconomic status of children and youth in poverty and with special needs (Follari, 2015; 
Morrison, 2015; Yarrow, 2009). Head Start began in 1965 as an 8-week summer program for 
disadvantaged children between the ages of 3 and 5 years inclusive and served more than 
580,000 children (Yarrow, 2009). Head Start was unique among early childhood education 
attempts in that it combined all of the services that were addressed by earlier efforts into one 
program (Follari, 2015; Morrison, 2015; Rose, 2009). The program was designed to help break 
the cycle of poverty by providing preschool children of low income families with a 
comprehensive program to meet their emotional, social, health, nutritional, and psychological 
needs.  Most notably, the program encouraged parent involvement by hiring and training the 
parents as teachers, aides, cooks, and drivers (Rose, 2009). Head Start serves over a million 
children and their families each year in urban and rural areas in all 50 states, the District of 
Columbia, Puerto Rico, and the US territories, including American Indian, Alaskan Native, and 
Migrant/Seasonal communities (Office of Head Start, 2016).  
Universal Preschool 
 Georgia was the first state in the history of the country to fund a universal preschool 
program (Williams, 2006). Georgia’s Pre-K Program began in 1992 as a pilot program serving 
750 at-risk 4-year-olds at 20 locations (Georgia Department of Early Care and Learning, 2017). 
Due to the success of the Georgia Lottery, in 1995 the Pre-K program was opened to all 4-year-
old children regardless of family income (Georgia Department of Early Care and Learning, 
2017). The state partnered with public schools, private nonprofit preschool programs, and Head 
Start agencies to ensure that programs were available for all 4-year-olds who desired to attend 
(Georgia Department of Early Care and Learning, 2017). The program has grown every year 
since its inception.  
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Tennessee Voluntary Pre-K 
 Tennessee’s Voluntary Pre-k program was initiated in 1998 and has grown significantly 
since lottery funds were allocated to the program in 2005. The program has continuously been 
rated as a "high-quality Pre-K program" by the National Institute for Early Education Research 
(NIEER) based on their high-quality standard checklist (Barnett, Carolan, Squires, Clarke, & 
Horowitz, 2015). However, in a voluntary Pre-k (VPK) system, local districts determine how 
many Pre-k classrooms are opened each year. Classrooms not funded by the state must be paid 
for through local funds, which may not be enough to meet the needs of all eligible 4-year-olds. 
This lack of funding leads to a decrease in the number of classroom and an overall decrease in 
the number of spots available for qualified applicants. In 2014, Tennessee allocated $86,552,900 
to Early Childhood Education that provided partial financial support to 935 classrooms for 
approximately 18,000 children in all 95 counties (Tennessee Department of Education, 2015). 
Competitive grants provide school districts learning opportunities in VPK classrooms on a 
priority-based enrollment procedure (Tennessee Department of Education, 2015). 
Shelby County Schools VPK Program 
 The Shelby County School district houses 170 of the 935 TN-VPK classrooms in over 
100 locations, making SCS and its community partners the largest operator of Voluntary Pre-k 
classrooms in the state. Historically, expanding the geographic reach to meet the needs of the 
eligible population of Head Start and Pre-k students in Memphis and Shelby County has been a 
concern. In 2010, according to US Census information the population of 3- to 5-year-olds in 
Shelby County was approximately 41,500, and the population of 3-year-olds was approximately 
55,000. About 14,000 of the 3- to 5-year-olds were eligible for Head Start or Pre-k, and 21,500 
of the 3-year-olds were eligible for Early Head Start. However, only a fraction of the eligible 
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population was being served. During the 2009-2010 school year, Shelby County Head Start and 
the four delegate agencies were funded to serve a total of 3,186 Shelby County children in the 
Head Start program at 38 different sites. During the course of the year, 3,651 children were 
actually served through one or another of the Head Start programs. Yet, enrollment still exceeded 
funding levels and left many eligible applicants without Pre-k services. In 2013, SCS and Porter-
Leath became the sole grantees of the Head Start Program in Shelby County. Both agencies 
worked together and contracted with local agencies to expand the Shelby County early childhood 
education program to include three components: Head Start, Early Head Start, and Pre-k. In an 
effort to meet the needs of all qualified Pre-k applicants, the current focus for SCS is Pre-k 
expansion.  
Theories Applied to Pre-kindergarten Education 
Human Capital Theory and Pre-kindergarten Education 
 The Organization for Economic Cooperation and Development (OECD) defines human 
capital as the knowledge, skills, competencies, and attributes embodied in individuals that 
facilitate the creation of personal, social, and economic well-being (Brian, 2007). Human capital 
theory has contributed to the rethinking of macroeconomic policies for education, and 
particularly for early childhood education (Yelland, 2010). The theory explains the economic 
productivity of individuals over time and the situations in which it might be maximized (Yelland, 
2010). Heckman and Navarro-Lozano (2004), leading human capital theorists, contend that early 
childhood interventions of high quality have lasting effects on learning and motivation. Early 
childhood interventions have been highlighted as being markedly effective economic 
investments (Morrison, 2015; Yelland, 2010). To postpone investing in children until they 
become adults would be a detriment to all children and society as a whole.  
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 The Abecedarian, Perry Preschool, and Child-Parent Center intervention programs have 
all shown significant success and indicate that the early years are essential for early learning. 
However, these interventions took place in disadvantaged poor areas during a time in the United 
States when segregation by race or socioeconomic status was the status quo. Research in child 
development has downplayed the importance of context and largely ignored or misunderstood 
the position of poor Blacks and Hispanics in the United States (Johnson, Jaeger, Randolph, 
Cauce, & Ward, 2003). Inequity is taken for granted or at worst ignored when this human capital 
approach is applied to early childhood education. Poverty becomes a problem only when it 
generates additional cost that could be avoided. In analyzing the situation of poor children, this 
approach does not raise questions regarding social justice, nor does it consider redistribution as 
part of the solution (Yelland, 2010).  
Cognitive versus Non-cognitive Theories and Pre-kindergarten Education 
 Cognitive skills are the tangible end goal of a formal education (Morrison, 2015). There 
is a long history of cognitive testing with relatively clear constructs, measures, and statistical 
properties. Evaluation of Pre-k programs tends to favor cognitive skills, that is, skills that are 
assumed to promote the human capital theory (Becker, 1994). They are defined as the individual 
capacities to logically combine, analyze, interpret, and apply informational symbols (Bowles & 
Gintis, 2011). Two variables that traditionally represent cognitive skills are educational 
attainment and test scores. Test scores evaluate curriculum contents and knowledge on certain 
subjects. They have been used as the gold standard to characterize educational performance and 
quality of schooling.  
 Levin (2012) refers to noncognitive skills as “attitudes, behaviors and values that 
contribute to adult competencies” (p. 4). Formal education involves the process of developing 
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and understanding proper social norms and cues. However, in this era of high stakes 
accountability and testing, schools are rarely seen as the primary institution for the development 
or measurement of these extremely important skills. Noncognitive skills are difficult to define 
and often hard to separate from cognitive skills (Kautz, Heckman, Diris, Ter Weel, & Borghans, 
2014). Even when the skills can be identified, developing a quantitative approach for 
measurement can be even more complicated (Kautz et al., 2014).  
 There has been a lingering debate regarding the need for a greater balance in assessments 
between cognitive and noncognitive outcome measures. Current policies regarding education and 
job training are based on fundamental misconceptions about the way socially useful skills 
embodied in persons are produced (Heckman, 2004). Cognitive skills as measured by 
achievement or IQ tests often exclude the critical importance of social skills, self-discipline, and 
other noncognitive skills that are known to determine success in life (Morrison, 2015). Exclusion 
of these skills causes serious bias in the evaluation of the human capital interventions (Heckman, 
2004). 
Policy Considerations to State-funded Pre-kindergarten Programs  
Productive Efficiency  
 Levin and Schwartz (2005) identify the criterion for productive efficiency as any given 
level of resource committed to be maximized in terms of academic impacts. Tennessee currently 
invests nearly $90 million to support 935 classrooms in 135 of 136 districts across all 95 counties 
(Lipsey et al., 2015a). With more scrutiny of tax dollar spending and accountability to those 
funds, it is important for school systems to evaluate the outcomes of the VPK program.  On the 
other hand, current evidence shows that preschool programs with positive and long-lasting 
effects are also the most educationally intensive and expensive (Barnett, 2008). 
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 For Shelby County Schools, efforts are largely aimed at Pre-k expansion and compliance 
with the current TN-VPK regulations in its pre-kindergarten classrooms. The district sponsored 
several studies (Sell, 2009, 2012, 2013; Sell and Samiei, 2012) to gauge the impact of Pre-k 
participation on the academic progress students. However, until recently, Tennessee did not have 
a required standardized norm-referenced assessment for students in the early grades. This limited 
the researchers’ ability to perform extensive longitudinal studies with a standardized assessment 
tool. Shelby County has been using benchmark assessments since 2010 to assist with 
instructional planning and Response-to-Intervention services. All students in grades K-12 are 
currently being assessed using the Northwest Evaluation Association (NWEA) Measures of 
Academic Progress (MAP) benchmark assessment candidates for intervention and as a tool to 
help teachers make class-level and student-level instructional decisions. This assessment is given 
three times per year in the fall, winter, and spring. It is an adaptive, norm-referenced formative 
assessment that provides data on student achievement and growth in reading and math. Similar 
studies with comparable measurements include the current TN-VPK Effectiveness Study (Lipsey 
et al., 2015a), which uses a set of Woodcock Johnson III achievement tests of prereading, 
language, and mathematic skills (Woodcock, McGrew, & Mather, 2001). 
 In the absence of preschool assessments, a way of monitoring some form of productive 
efficiency regarding VPK program can be divided into two types: (1) evaluation that necessitates 
locating children after they have left the program (treatment), and (2) evaluation that is designed 
and implemented while children are in the program. Different strategies for collecting 
information can be used for the latter, such as, pre- and postassessments, classroom observations, 
measurable preschool goals, and comparison data for children enrolled in the program and not in 
the program can be conducted. As it stands, the lack of prescore measures (baseline assessment 
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data) raises significant concerns about the district's ability to correctly identify, sanction, or 
support struggling VPK classrooms. In the absence of assessment measures prior to the VPK 
program, it is problematic to ascertain how much a particular VPK classroom has contributed to 
a child's test scores in kindergarten and beyond (i.e., kindergarten readiness, links to first grade 
literacy readiness, and standardized Tennessee Comprehensive Assessment Program (TCAP) 
achievement tests). 
 The former evaluation type is also problematic and requires special planning. The reason 
for this caution is that the greater the time lag between receiving treatment and follow-up 
contact, the greater the bias due to selective location of treated participants (VPK children). 
Those who cannot be located a short time after treatment (children who eventually go to a private 
school, get homeschooled, or left the state) may very well be different from those who remain in 
the public school system for longer periods. Fortunately, Tennessee has a longitudinal data 
system in place to track student performance on state assessments from third grade through high 
school. Shelby County Schools uses a computer adaptive assessment program that provides 
student data starting in kindergarten, a particularly important time point in assessing the short-
term impact of the VPK program and the point in time at which the relative impact of VPK 
participation is most likely to be observed. A nonexperimental research design can be used in 
order to compare children who attended Shelby County's VPK program with similar children 
from the same district who did not (Rosenbaum & Rubin, 1983, 1984). 
Social Cohesion  
 Social cohesion is an important topic due to the short duration of the VPK program for 
children and the fact that the benefits (real or perceived) of preschool education are carried over 
to primary school. It is important to consider the effects that differences in VPK quality may 
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have on short- and long-term educational outcomes. For many children in Shelby County 
Schools, VPK serves as their academic foundation, especially for the more disadvantaged 
children. There is a widespread belief among educators that early childhood education facilitates 
the process of socialization and self-control necessary to make the most of classroom learning 
(Currie, 2001).  
Pre-kindergarten Studies and Effects 
  Prior research (Brooks-Gunn, 2003; Farran, 2000; Vandell & Wolfe, 2000; Waldfogel, 
2002) has been conducted on other pre-kindergarten programs that compare many different 
aspects of the value of these programs. Steven Barnett (2008) has intensely studied the effects of 
other’s research of pre-kindergarten through the National Institute for Early Education Research. 
He found that “recent meta-analyses of these find that preschool education has significant lasting 
effects on cognitive abilities, school progress (grade repetition, special education placement, and 
high school graduation), and social behavior” (p. 5). Other comprehensive reviews and 
evaluations of multiple studies of high-quality early childhood programs including pre-
kindergarten and Head Start programs show that children’s cognitive and language development 
are improved, academic achievement may be higher, and special education eligibility and 
retention are reduced (Brooks-Gunn, 2003; Farran, 2000; Vandell & Wolfe, 2000; Waldfogel, 
2002). The Head Start Impact Study (Puma, Bell, Cook, & Heid, 2010) presented data that 
showed the estimated cognitive effects of 9 months of Head Start range from 0.05 to 0.25 
standard deviations. In contrast to the effects of structured pre-kindergarten type programs, 
Barnett (2008) assimilated research that found ordinary child care, such as family day care, to 
show no effect, while child care centers produced only short-term small effects on cognitive and 
 30	
language development. He found that “there is some evidence that negative effects increase with 
the number of years in care, but lessen when children attend higher quality programs” (p. 6).  
 One emphasis of this research is centered on the importance of providing early childhood 
foundations that lead to third grade literacy achievement. An Arkansas study completed in 2010 
evaluated state-funded pre-kindergarten programs that had evaluated students at each grade level 
from pre-kindergarten through fourth grade. Positive effects were found at the end of third grade 
for literacy (Jung, Barnett, Hustedt, & Francis, 2013). Although these programs are not identical 
to the TN-VPK guidelines, they hold many of the major components of programming in 
common. 
Evaluating State-funded Pre-kindergarten Programs 
 Landmark studies and prior research have indicated differences in outcomes of pre-
kindergarten programs. Many of the studies referenced show positive effects in different areas 
such as achievement, reduced retention, and cost-benefit. With the emphasis in recent years on 
the lack of literacy achievement in the United States along with federal and state monetary 
allocations to early childhood programs, there is a need to determine the possible effects and 
benefits of pre-kindergarten programs. According to Barnett (2008), multiple cost-benefit 
analyses have been conducted on preschool education, including landmark studies such as the 
Abecedarian, Perry Preschool, and Child-Parent Center. They have found that benefits 
substantially exceed costs.  
 Pre-kindergarten research is available that shows a strong correlation as a possible vital 
and sustainable intervention that promotes school readiness and closes the achievement gap in 
elementary school and beyond (Chapman, 2010). In contrast, research also exists that 
acknowledges a “fade-out” of these interventions for certain groups of students (Duncan & 
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Magnuson, 2013). A study by Hill, Gromely, and Adelstein (2012) followed two cohorts in 
reading and math from pre-kindergarten through third grade. They found no sustainable impacts 
for the first cohort and evidence of success only in mathematics for the second cohort. Duncan 
and Magnuson (2013) acknowledge that “the lack of longer-run evaluations of prekindergarten 
programs suggest that drawing strong policy conclusions about their effectiveness is 
unwarranted, as other programs have likewise demonstrated early promising results that faded 
over the first few years of school” (p. 10). With differing results regarding the potential impact of 
pre-kindergarten programs on third grade reading achievement, evidence exists to conduct this 
type of analysis on a sample in the Shelby County School District. 
 Attempts to evaluate the effects of state-funded (scaled-up) pre-kindergarten programs 
have largely been after the fact and have made use of a range of different research designs 
(Riley-Ayers, & Barnett, 2015). There are five different research designs as follows: 
1. Regression discontinuity design (RDD) 
 A quasi-experimental design, regression discontinuity, is used when there are distinctions 
made between groups according to a rating assigned to population subjects. For example, in the 
Tennessee VPK program, age by a specific date and socioeconomic status according to free and 
reduced lunch rate are factors (also known as nonrandom assignment rule) that could be used for 
RDD. These provided cut points for the status in a regression discontinuity design that would 
serve as the boundary for the treatment group and comparison group (Lee & Munk, 2008). More 
recent studies by Gormley, Gayer, Phillips, and Dawson (2005), Wong, Cook, Barnett, and Jung 
(2008), and Wong, Steiner, and Cook (2013) provide strong applications of regression 
discontinuity research designs. 
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2. Difference in difference approach (DD)  
 Considered a quasi-experimental study, difference in difference design approach is used 
when evaluating the effects before and after treatment, such as prior to and after pre-kindergarten 
implementation in a district. The idea is to calculate the change in academic outcomes among the 
treated group between the two periods and then subtract the change in academic outcomes 
among the untreated groups. The main challenges with a difference in difference approach are 
omitted variables, inadequate controls for preperiod trends, and the assignment/selection rule that 
determines treatment status. Notable studies that use the DD approach to state-level pre-
kindergarten programs are evaluation research by Cascio and Schanzenbach (2013), Fitzpatrick 
(2008), and Rosinsky (2014). 
3. Randomized control trial (RCT)  
 Randomized control trials randomly assign subjects into treatment and control groups 
with the outcome variable being analyzed. The pre-kindergarten program offered in Shelby 
County is based on income level and geographic zoning for enrollment. Therefore, true 
randomization in this experiment would be difficult to achieve. Although possible, finding access 
to children who are not attending pre-kindergarten when they are 4-years-old would be a difficult 
endeavor. 
 More recent program evaluation of Tennessee's Pre-k program (TN-VPK) by researchers 
at Vanderbilt University provides a prime example of a longitudinal randomized control trial 
combined with an age-cutoff RDD. In 2015, the Tennessee Voluntary Pre-kindergarten 
Effectiveness Study, a coordinated effort between Vanderbilt University's Peabody Research 
Institute and the Tennessee Department of Education, concluded a study to review the effects of 
TN-VPK on reading and school readiness. It included the first RCT of a scaled-up state-funded 
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Pre-k program. It also followed those children to determine if the effects were sustained and 
whether or not it improved those students’ performance on the state achievement test (TCAP) in 
the third grade (Lipsey, et al., 2011). The Vanderbilt research team found that children attending 
TN-VPK made greater gains on a range of early achievement measures when compared to peers 
who did not participate. By the end of kindergarten, however, there was no significant difference 
between the TN-VPK group and the control group (Lipsey, Hofer, Dong, Farran, & Bilbrey, 
2013). By second grade, academic achievement in both groups had diminished and fell below 
national norms. The final installment of the results showed that this trend continued through the 
third grade. Moreover, by the end of second grade and continuing in third, the children who 
attended TN-VPK lagged behind on many of the achievement measures as the comparable 
children who did not attend VPK (Lipsey et al., 2015a, 2015b).  
4. Matching designs (i.e., propensity score matching) 
 Matching designs can be used to evaluate outcomes when trying to determine the effect 
between those who attended a pre-kindergarten program compared to those who did not to see if 
there is any determinable difference. When evaluating student performance outcomes, prevalent 
matching characteristics for the population are poverty rate, language, gender, and race. A 
limitation of this design is the possibility of an unidentified variable producing an effect on the 
matching process. Indeed, matching designs are not robust due to a potential bias arising from 
unobservable variables that affect both assignment to treatment and the outcome. According to 
Lipsey et al. (2015a, 2015b), matching designs have been used to evaluate preschool programs in 
Washington, Texas, Tulsa, and Tennessee. In a study where there are multiple data available for 
variables and a large population size, propensity-score matching helps ensure reliability and 
validity of the analysis (Hahs-Vaughn & Onwuegbuzie, 2006). In quasi-experiments, careful 
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attention must be made to eliminate bias (Rosenbaum & Rubin, 1983, 1984). Propensity score 
matching helps attain this with the proper data sets. 
5. Average treatment Effect 
 Like all research designs, the fundamental problem in estimating the impact of VPK 
programs is selection bias--students/families self-select into the program (Heckman, 1979). 
Under these conditions, a comparison between VPK students who participate and those who do 
not confound the effects of the VPK program, with the pre-existing differences in characteristics 
between participants and nonparticipants. For example, it is possible to expect that more 
informed and engaged parents are more likely to actively choose to attend the VPK program. 
Students from these families may perform differently than those whose parents choose not to 
participate. Therefore, any observed academic outcomes in later years (i.e., second grade) not 
only comprise the results from the VPK program but also the inherent differences in 
characteristics of the families or students. Thus, a simple comparison between students in 
schools with the VPK program and without the VPK program may pick up not only the 
differences in the academic outcomes due to the VPK program but also the differences in the 
characteristics of the VPK participants and non-VPK participants.  
 In short, the main objective of average treatment effect is to examine the average 
treatment effects for a group that received a treatment (VPK participants) compared to a group 
that did not receive a treatment (non-VPK participants) by modeling the probability of treatment 
(selection equation) together with the structural outcome equation (student achievement 
regressions). The “treatreg” command in Stata fits the ATE model using the full maximum 
likelihood estimator. The command then estimates two regressions simultaneously (Khandker, 
Koolwal & Samad, 2010). Stata’s “treatreg” command is based on the Heckman (1978) selection 
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model (Cerulli, 2014). 
 With VPK program’s nonexperimental (observational) data, and in particular because 
selection into treatment depends on unmeasured factors, this study carries out the “treatreg” 
command in Stata to estimate the treatment effects model. According to Stata’s reference manual 
(Newton, & Cox, 2000), “the treatment effects model considers the effect of an endogenously 
chosen binary treatment on another endogenous continuous variable, conditional on two sets of 




















The purpose of this study is to determine the effects of pre-kindergarten participation on 
student achievement in a large urban school district (Shelby County Schools) as measured by 
norm-referenced reading and math scores for first and second grades. The aim of this research is 
to determine if there is a significant difference in the academic growth in median SAT-10 
Reading and Math scores between the students who attended a state-funded Voluntary Pre-
kindergarten (VPK) program and students who did not. Four-year-olds who live in Memphis, 
Tennessee, may participate in the state-funded VPK) program sponsored by the SCS District. 
Eligibility is determined by state policy such that all students meeting the state-determined 
eligibility requirements may attend.  
Because of data constraints, an experimental design was not used in the study in terms of 
assigning participants to the VPK group. This is an important consideration in understanding and 
interpreting the results of this study and in distinguishing the methodology from randomized 
experiments. Experimental designs of pre-kindergarten programs tend to be limited given the 
complexity and expense required to implement them effectively and because of logistical, 
ethical, and financial concerns. In Tennessee, only one study (i.e., Vanderbilt's TN-VPK 
program evaluation using a RCT) has utilized randomized assignment of children to VPK 
classrooms in schools that have more children who want VPK than can be served (over-
subscribed VPK programs). Shelby County Schools has sponsored several studies (Sell, 2009, 
2012, 2013; Sell and Samiei, 2012) to gauge the impact of Pre-k participation on the academic 
progress students. However, until recently, Tennessee did not have a required standardized 
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norm-referenced assessment for students in the early grades (SAT-10 was optional). Therefore, 
evaluation and measurement of the VPK program have been limited.  
When presented with findings from an evaluation of whether a particular Pre-k program 
(i.e., VPK) “works,” policy makers, administrators, and teachers often want to know for whom it 
worked or under what circumstances. In this study, the main point of interest was the average 
treatment effect (ATE), a measure of the overall impact of a treatment, otherwise known as the 
“difference between two observed averages” (treatment versus no treatment). Specifically, this 
study sought to examine the ATEs for a group who received a treatment (VPK participants) 
compared to a group that did not receive a treatment (non-VPK participants). The analysis 
leverages first and second grade achievement data for students enrolled in the SCS District over 
a 4-year period between 2011-12 and 2014-15 and subsequently identifies and selects only those 
VPK and non-VPK participants who obtained test scores in both grades.  
Thus, the overarching goal of this study is to identify dominant trends in the overall 
pattern of academic results for Shelby County's VPK and non-VPK students and to determine if, 
overall, the district's VPK students demonstrate any clear differences in their performance on 
first- and second-grade assessments relative to their non-VPK peers. The purpose of this study 
was to evaluate whether a difference in academic growth exists between students who attended 
Shelby County’s VPK program and those who did not as measured by the SAT-10 reading and 
math assessments for students in the first and second grades. The specific research questions are 
as follows: 
1. Is there a significant univariate difference in the academic achievement in SAT-10 
reading and math norm-referenced scores between students who attended the district-
sponsored VPK and students who did not (non-VPK)? 
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2. Is there a significant univariate difference in the academic achievement in each of the 
subdomains of the SAT-10 reading and math scores between students who attended the 
district-sponsored VPK) and students who did not (non-VPK)? 
3. What is the average treatment effect of VPK participation on reading and math 
achievement outcomes in the first grade and second grade, as proxied by SAT-10 reading 
and math norm-referenced scores? 
4. What is the average treatment effect of VPK participation on SAT-10 reading and math 
subdomains in the first grade and second grade? 
 
From the above research questions, the main OLS equation of interest takes the form: 
 Yi = β0 + β1Xi + β2Di + εi (1) 
where Yi measures the reading and math achievement in the second grade for student i. Xi is the 
set of control variables, and Di is a dummy variable indicating the presence of a VPK participant 
in both first and second grade classrooms in the SCS District.  
In estimating the above regression equation, the study is concerned that the factors that 
affect the decision to attend the VPK program are different for VPK participants than non-VPK 
participants. These factors (observed and unobserved characteristics) are likely to influence 
student performance from one grade level (first grade) to the next (second grade), thus producing 
nonrandom differences between VPK and non-VPK participants in both first and second grade 
classrooms. The concern that the nonrandom nature of parental choices on program participation 
(i.e., VPK) may bias the estimated effects on academic achievement is evident throughout the 
entire literature on self-selection bias in observational studies and program impacts. Education 
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researchers have long recognized that self-selection can have important effects on academic 
achievement.  
To resolve the extent of the bias that results from nonrandom participation, this study 
built a treatment effects model developed specifically to analyze the dummy endogenous 
variables (Heckman, 1976, 1978; Angrist, 2004). Under this approach, the probability of 
receiving a treatment (i.e., the presence of a VPK participant in both first and second grade 
classrooms) is modeled together with the structural outcome equation. The full model is  
 Yi = β0 + β1Xi + β2Di + ei  (2a) 




where Di is an endogenous dummy variable indicating whether or not a VPK participant is 
present in both first and second grade classrooms in the SCS District. The fundamental problem 
in estimating the above is that we never observe Di = 1 and Di = 0 at the same time for the same 
participant i (Holland, 1986). So, the challenge is to construct a suitable counterfactual of 
participant i’s treatment status; that is, to construct what happened where i did (did not) get 
treated when i actually did not (did). It is, however, possible to construct the mean of 
counterfactual over entire target populations under a set of reasonable assumptions. Thus, the 
treatment effect for participant i is the difference in outcome between being treated and 
untreated. Such a binary outcome is determined by a set of explanatory variables Zi (see Greene, 
2003, pp. 787-788 for details and additional references). The individual error terms, εi and ui, are 
assumed to have a bivariate normal distribution:  
Di = 1 If Di* > 0 





 In building the treatment equation (Eq. 2b), this study considered the influence of 
predetermined student characteristics (i.e., socioeconomic and race) used in prior research that 
are likely to influence the enrollment of a VPK participant in both the first and second grade 
classrooms. Following the literature, this study identified several variables that might influence 
this outcome: namely, SES status, gender, age, and non-White status (race).   
 Unlike instrumental variable methodology, consistent estimates in ATE models do not 
require exclusion restrictions (Heckman, 1979; Heckman & Navarro-Lozano, 2004). 
Identification is based on the nonlinearity implied by the normality assumption. Following 
Heckman’s two-step method (Eqs. 2a and 2b), this study did not impose exclusion restriction for 
model identification.  
Population/Sample 
The SCS District provided a total population of 9,052 student records. The population 
studied was children who had been identified as having attended kindergarten in the 2012-2013 
school year. The district provided information on pre-kindergarten participation, race, gender, 
English Language Learner (ELL)/Limited English Proficiency (LEP) status, special education 
status, free and reduced lunch status, KRI language and math scores, and first and second grade 
SAT-10 reading and math scores. Sample data were collected from the beginning of kindergarten 
and at the end of second grade. Ravid (2011) defines a population as a group of persons that 




 The instruments used were language and mathematic scores from the Kindergarten 
Readiness Indicator and the Stanford Achievement Test-10. The KRI is a locally written 
standardized assessment that measures the level of readiness in the areas of language and 
mathematics of incoming students (Sell, 2008). Subcategories assessed for language include 
follows directions from memory, identifies body parts, states personal information, demonstrates 
positional words, letter recognition, identifies colors, oral language, demonstrates fine motor 
skills, and identifies rhyming words, word study skills, word reading, sentence reading, reading 
comprehension, problem solving and math procedures. The subcategories assessed for math 
include identifies numerals, matches numerals to set, creates patterns, sorting, names shapes, rote 
counting, and demonstrates one-to-one correspondence. These scores provide each student with 
an overall KRI language and KRI math score. 
 The SAT-10 is the standard instrument used by the US Department of Education to allow 
education professionals to measure and monitor students’ academic progress. Reliability and 
validity are strong (Baker et al., 2008; Harcourt Assessment, 2002). This is an optional group-
administered, norm-referenced test of achievement adopted by the State of Tennessee for the 
purpose of measuring student mastery in early grades (K-2) and informing intervention and 
remediation around numeracy and literacy. The measure is not timed, although guidelines with 
flexible time recommendations are provided. Concepts assessed for every student include word 
study skills, word reading, sentence reading, reading comprehension, problem solving, and math 






Table 1 presents the breakdown of demographic characteristics of VPK and non-VPK 
participants by gender, SES status, LEP status, minority status, and disabilities. As earlier noted, 
the VPK participants were established according to students who attended VPK in the district 
(SCS) and were enrolled in that district in first and second grade. The non-VPK participants were 
established by identifying students who were enrolled in kindergarten and second grade and who 
did not attend the VPK program in the district. The final sample selection was based on students 
with achievement data for the 2012-13 school year in kindergarten and the 2014-15 school year 
in second grade. Table 2 describes the school-level characteristics of VPK and non-VPK 
participants in the second grade. 
During the sample period, 50% of the students (N=2,924) were males and 89% were low-
income students (N=2,392). About 16% were considered limited English proficient students 
(N=917), 93% were minorities (N=5,413) and 7% of the students (N=399) were in special 
education. Among high-performing schools (proxied by TVAAS scores of 4 or 5) in the sample, 
41.78% of students (N=1,151) participated in the VPK program. Among low-performing 
schools, 54% of students (N=1,653) were VPK participants. Among schools that offered optional 
programs in the sample, about 45% of students (N=669) participated in the VPK program. 






Table 1:  Summary Statistics 
N Percent VPK Non-VPK
Student Characteristics
A. Gender 
Male 2924 50 1292 1632
Female 2909 50 1284 1625
Subtotal 5833
B. SES status
Educationally Disadvantaged 5205 89 2392 2813
Non-Educationally Disadvantaged 628 11 184 444
Subtotal 5833
C. LEP (Limited English Proficient)
LEP 917 16 423 494
Non-LEP 4916 84 2153 2763
Subtotal 5833
D. Minority status
Minority 5413 93 2491 2922
Non-Minority 420 7 85 335
Subtotal 5833
D. SWD (students with disabilities)
SWD 399 7 190 209
Non-SWD 5434 93 2386 3048
Subtotal 5833
School Characteristics
E. TVAAS_high (level 4 and 5)
TVAAS_high 2755 47 1151 1604
Non-TVAAS_high 3078 53 1653 1425
Subtotal 5833
F.  Optional School
Optional School 1495 26 669 826
Non-Optional School 4338 74 1907 2431
Subtotal 5833
This table presents the student and school characteristics (dichotomous variables) of VPK and non-
VPK participants in the study. The sample selection is based on students with achievement data for the





















Tables 2 and 3 illustrate the results for research questions 1 and 2 of this study: that is, 
the comparison of means in the academic achievement in SAT-10 reading and math norm-
referenced scores as well the corresponding skills subdomain scores between students who 
attended the district-sponsored VPK and students who did not (non-VPK). The tables show a set 
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Table 2:  Comparison of Means Tests
Panel A. VPK and non-VPK Participants - First Grade
VPK Non-VPK p-value
Kindergarten Academic Performance Measures
KRI_Language_Score 62.651 47.310 0.000
KRI_Math_Score 16.653 20.878 0.000
First Grade Reading Performance Measures
Total Reading NCE 40.275 40.195 0.889
Word Study Skills NCE 42.122 42.099 0.960
Word Reading NCE 38.322 37.971 0.484
Reading Comprehension and Sentence Reading NCE 50.989 50.492 0.519
Reading Comprehension NCE 50.989 50.492 0.519
Sentence Reading NCE 43.418 42.612 0.174
Comprehensive Language NCE 42.795 43.402 0.223
First Grade Math Performance Measures
Total Math NCE 42.415 41.863 0.297
Math Problem Solving NCE 42.628 42.612 0.975
Math Procedures NCE 43.320 42.243 0.050
This table presents the comparison of means tests for the  academic achievement outcomes in the study. All 
of the variables are described in the Appendix. Panel A  presents the statistics for VPK and non-VPK 
of several univariate test statistics (t-statistics) generated from tests of differences between means 
from two separate groups of subjects during the kindergarten, the first grade, and the second 
grade.   
As shown in Table 2, the VPK and non-VPK participants did not differ in terms of 
reading and math achievement in the first grade. In terms of specific first-grade reading and math 
norm-referenced scores, VPK participants outperformed non-VPK participants only in math 
procedures Normal Curve Equivalent (NCE) scores (43.32 vs. 42.24, p=.05). No statistically 
significant difference in other student performance outcomes between VPK and non-VPK 
participants were found in the first grade. By contrast, VPK participants significantly 
outperformed non-VPK participants on KRI language scores (62.651 vs. 47.310, p=.001). Non-




Table 3:  Comparison of Means Tests
Panel A. VPK and non-VPK Participants - Second Grade
VPK Non-VPK p-value
Second Grade Reading Performance Measures
Total Reading NCE 37.218 38.198 0.074
Word Study Skills NCE 40.305 41.233 0.081
Reading Vocabulary  NCE 36.780 37.611 0.125
Reading Comprehension NCE 38.852 39.453 0.265
Second Grade Math Performance Measures
Total Math NCE 41.817 42.060 0.662
Math Problem Solving NCE 42.324 43.021 0.201
Math Procedures NCE 42.686 42.252 0.439
This table presents the comparison of means tests for the academic achievement outcomes in the study.  
All of the variables are described in Appendix.  Panel  A presents the statistics for VPK and non-VPK 
participants.
 As shown in Table 3, there was no statistically significant difference in the second-grade 
math outcomes between VPK participants and non-VPK participants. The difference between 
groups in their performance on the exams would be attributable to chance. 
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 ATE First-Grade Reading 
The remaining tables (Tables 4 to 11) demonstrate the ATE estimation results for 
questions 3 and 4 of the study: that is, the average treatment effect of VPK participation on 
reading and math achievement outcomes in the first grade and second grade, as well as the 
corresponding skills subdomain scores. For example, the study showed the ATE estimation 
results in the first-grade reading achievement (SAT-10 Reading) outcomes in Table 4. As 
demonstrated in Table 4, Panel A, the results showed that VPK participation had significant 
negative impact on first-grade reading. Specifically, there was a difference of 20.744 NCE points 
on SAT-10 reading achievement in the first grade between VPK and non-VPK participants. In 
addition, all the covariates were statistically significant at the 1% level. Demographic 
characteristics of low-income status, gender (male) and students with disabilities were associated 
with a negative impact on reading achievement. For example, the male students attained NCE 
scores that were 3.002 points lower than their female counterparts on SAT-10 reading 
achievement. The NCE scores for economically disadvantaged students (“ed”) were 6.237 points 
lower compared to their non-economically disadvantaged student peers. The NCE scores for 
students with disabilities (“swd”) were 8.982 points lower compared to their student peers with 
no disabilities. On the other hand, the demographic characteristic of students with limited 
English proficiency (“lep”) had a positive impact on first-grade reading scores. The LEP students 
attained NCE scores that were 7.498 points higher than their non-LEP counterparts on SAT-10 
reading achievement.  The KRI language scores also had a positive effect on first-grade reading 
achievement. In particular, the KRI language scores contributed to 0.487-point increase in NCE 
scores on SAT-10 reading achievement.  
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The results at the bottom part of Table 4, Panel B, formed the basis of the empirical test 
for the presence of self-selection (Eqs. 2a and 2b in Chapter 3). The tests for independent 
equations, namely the lack of self-selection, were rejected for each specification at the 1 percent 
significance level (see the chi-squared value generated by the Wald test and overall fit of the 
model). Thus, the ATE is the correct model to use (Panel A) in analyzing the linkage between 
VPK participation and first-grade reading achievement outcomes, controlling for the effect of the 
covariates. In addition, the negative correlation coefficient (rho = -0.501) implies that the OLS 
coefficients on the VPK participation dummy are biased downward. Intuitively, the negative 
correlation coefficient indicates that the unobservables that decrease reading achievement tend to 
occur with unobservables that increase the chance of VPK participation. For example, parents of 
high-risk students may be more inclined to have their children participate in the VPK program if 
they feel that their children will underperform in the first grade.  
In addition, Panel B in Table 4 showed the effect of observable variables, namely student 
demographics, on the likelihood of VPK participation. The positive impact of nearly all 
demographic variables showed that students who were minority, low-income status or special 
needs were more likely to enroll in the VPK program. Minority students were 0.676 points more 
likely to participate in the VPK program than their non-minority counterparts. Educational 
disadvantaged students were 0.274 points more likely to participate in the VPK program than 
their non-educationally disadvantaged student peers. LEP students were 0.009 points more likely 
to participate in the VPK program than their non-LEP student peers.  Finally, students with 
disabilities were 0.134 points more likely to participate in the VPK program than students with 




TABLE 4:  Reading Achievement

































Wald test of indep. Eqns.: Prob > chi2 2.931
Overall Fit of the Model: Prob > chi2 [0.000]***
*** Significant at the 0.01 level,  ** Significant at the 0.05 level,   * Significant at the 0.10 level.
This table presents the results from the Average Treatment Effects (ATE) estimation of Equation 2 in 
the study.  All of the variables are described in the Appendix. Panel A presents the results of the 
structural equation (Equation 2a in the text). The dependent variables measure the reading 
achievement outcomes, and the main variable of interest in these regressions is the VPK participant 
indicator variable. Panel B presents the results for the treatment equation that predicts the presence of 





ATE First Grade Reading – Six Domains 
 Table 5, Panel A, shows the results of multivariate OLS regressions for SAT-10 
Reading’s content domains in the first grade based on the NCE scores. The coefficient on the 
VPK participation dummy was negative and significant at the 1% level in all content domains, 
both at the low end and the high end of the reading skills spectrum. In column 1, there was a 
difference of 15.209 NCE points on word study skills between VPK and non-VPK participants. 
In column 2, there was a difference of 14.889 NCE points on word reading skills between VPK 
and non-VPK participants.  In column 3, there was a difference of 54.585 NCE points on 
sentence reading skills between VPK and non-VPK participants. In column 4, there was a 
difference of 54.585 NCE points on reading comprehension skills between VPK and non-VPK 
participants. Finally, in column 5, there was a difference of 19.964 NCE points on reading 
comprehension skills between VPK and non-VPK participants.   
In addition, all the covariates are statistically significant in the expected direction. The 
demographic characteristics of low-income status, gender (male) and students with disabilities 
were associated with a negative impact on second reading achievement. The male students 
attained NCE scores that were between 1.655 and 8.415 points lower than their female 
counterparts across the reading skills spectrum. The NCE scores for economically disadvantaged 
students were between 4.039 and 13.408 points lower compared to their non-economically 
disadvantaged student peers. The NCE scores for students with disabilities were between 5.423 
and 21.723 points lower compared to their student peers with no disabilities. By contrast, both 
the LEP students and the KRI language scores had a positive effect on NCE scores across the 
reading skills spectrum. In particular, the LEP students attained NCE scores that were between 
5.532 and 15.530 points higher than their non-LEP counterparts. The KRI language scores 
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contributed between 0.314- and 1.102-point increase in NCE scores across the reading skills 
spectrum.  
Once again, Panel B in Table 5 confirms that self-selection is present and thus average 
treatment effects (ATE) is the appropriate empirical model to use as opposed to the Ordinary 
Least Squares (OLS) method. The positive effect of nearly all demographic variables illustrated 
that students who were minority, low-income status or special needs were more likely to 





























TABLE 5:  Reading Achievement- 6 Domains (NCE)
PANEL A.  First Grade Reading Achievement- 6 Domains (Normal Curve Equivalent)

















(I) (II) (III) (IV) (V) (VI)
KRI_Language_Score 0.314 0.403 1.102 0.506 1.192 0.354
[0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000]***
gender -1.655 -2.017 -7.079 -3.637 -8.415 -3.442
[0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000]***
ed -4.039 -4.441 -6.112 -6.601 -13.408 -7.818
[0.000]*** [0.000]*** [0.013]** [0.000]*** [0.000]*** [0.000]***
lep 7.687 5.532 15.836 6.530 15.530 5.689
[0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000]***
swd -8.596 -5.423 -22.840 -8.587 -21.723 -8.889
[0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000]***
VPK participation -15.209 -14.889 -54.585 -21.335 -55.795 -19.964
[0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000]***
_cons 35.605 27.350 535.112 32.536 533.145 41.199
[0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000]***
PANEL B.  Treatment Equation
Dependent Variable
(I) (II) (III) (IV) (V) (VI)
minority 0.314 0.403 0.658 0.680 0.685 0.354
[0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000]***
gender -0.000 -0.001 0.000 -0.001 -0.000 -0.005
[0.995] [0.973] [0.993] [0.976] [0.998] [0.893]
ed 0.282 0.280 0.271 0.269 0.268 0.273
[0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000]***
lep 0.018 0.019 0.013 0.013 0.009 0.009
[0.694] [0.679] [0.767] [0.771] [0.849] [0.851]
swd 0.135 0.134 0.136 0.126 0.128 0.135
[0.045]** [0.046]** [0.042]** [0.061]* [0.057]* [0.048]**
_cons -1.019 -1.018 -1.016 -1.028 -1.032 -1.051
[0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000]*** [0.000]***
N 5806 5808 5797 5767 5788 5682
rho -0.470 -0.373 -0.563 -0.467 -0.564 -0.601
Wald test of indep. Eqns.: Prob > chi2 2.739 2.817 3.916 3.021 3.876 2.850
Overall Fit of the Model: Prob > chi2 [0.000]*** [0.002]*** [0.000]*** [0.000]*** [0.000]*** [0.000]***
*** Significant at the 0.01 level,  ** Significant at the 0.05 level,   * Significant at the 0.10 level.
This table presents the results from the Average Treatment Effects (ATE) estimation of Equation 2 in the study.  All of the variables are described in the Appendix.  Panel A 
presents the results of the structural equation (Equation 2a in the text).  The dependent variables measure the reading achievement outcomes, and the main variable of interest is 

















































ATE Second Grade Reading 
 
Table 6 shows the ATE estimation results in the second-grade reading achievement 
(SAT-10 Reading) outcomes. The results suggest that VPK participation produced mixed results 
on norm-referenced scores (see Table 6, Panel A). For reading scores reported in terms of the 
normal curve-equivalent scale (NCE), the coefficient on the VPK participation dummy is 
positive and significant at the 5% level. All the covariates are statistically significant, and the 
Wald test is significant at the 5% level, indicating a good model fit. The tests for independent 
equations also indicate that we can reject the null hypothesis of no correlation between the 
treatment errors and the outcome errors. On the other hand, the impact of VPK on SAT-10 
reading scores based on NCE scores is positive but not significant. The covariates are significant 














TABLE 6:  Reading Achievement - Second Grade







































Wald test of indep. Eqns.: Prob > chi2 2.872
Overall Fit of the Model: Prob > chi2 [0.082]*
*** Significant at the 0.01 level,  ** Significant at the 0.05 level,   * Significant at the 0.10 level.
This table presents the results from the Average Treatment Effects (ATE) estimation of 
Equation 2 in the study.   All of the variables are described in the Appendix. Panel A 
presents the results of the structural equation (Equation 2a in the text). The dependent 
variables measure the reading achievement outcomes, and the main variable of interest in 
these regressions is the VPK participant indicator variable. Panel B presents the results 
for the treatment equation that predicts the presence of VPK participants (Equation 2b in 


























Second Grade Reading – Three Domains 
 
Table 7, Panel A, shows the results of multivariate OLS regressions for SAT-10 
Reading’s content domains in the second grade based on the NCE scores. The effects of the VPK 
participation dummy variable in the model are mixed at the low end and the high end of the 
reading skills spectrum. The coefficient on the VPK participation dummy is positive and 
significant in only one content domain, namely reading comprehension.  In particular, 
participation in the VPK is associated with an 8.046-percentage point increase in the reading 
comprehension outcomes based on the NCE scores, a result that is statistically significant at the 
5% level (column III).  By contrast, the coefficient on the VPK participation dummy is 
insignificant in two other domains (namely word study skills and reading vocabulary).  
Similar to Table 6, table 7 demonstrates the role of schools with high TVAAS scores 
(measured as Level 4 and 5) and optional-school programs (a form of school choice) in raising 
reading achievement scores and performance across the three reading domains in the second 
grade. Nearly all student demographic variables exert a significant negative impact on second-










TABLE 7:  Reading Achievement- 3 Domains (Normal Curve Equivalent)












KRI_Language_Score 0.359 0.402 0.378
[0.000]*** [0.000]*** [0.000]***
minority -7.353 -8.600 -10.968
[0.001]*** [0.000]*** [0.000]***
gender -2.152 -2.279 -3.997
[0.000]*** [0.000]*** [0.000]***
ed -5.747 -7.165 -8.427
[0.000]*** [0.000]*** [0.000]***
lep 8.478 3.768 5.954
[0.000]*** [0.000]*** [0.000]***
swd -12.062 -7.449 -8.501
[0.000]*** [0.000]*** [0.000]***
TVAAShigh 1.278 1.190 1.099
[0.000]*** [0.000]*** [0.000]***
Optional_School 2.538 3.554 2.208
[0.000]*** [0.000]*** [0.000]***
VPK participation 1.742 -0.759 8.046
[0.850] [0.933] [0.022]**
_cons 28.338 26.470 30.383
[0.000]*** [0.000]*** [0.000]***
PANEL B.  Treatment Equation
Dependent Variable
(I) (II) (III)
minority 0.639 0.638 0.652
[0.000]*** [0.000]*** [0.000]***
gender 0.004 0.004 0.006
[0.915] [0.906] [0.850]
ed 0.283 0.283 0.292
[0.000]*** [0.000]*** [0.000]***
lep 0.020 0.022 0.021
[0.667] [0.638] [0.656]
swd 0.142 0.140 0.138
[0.033]** [0.036]** [0.037]**
_cons -1.013 -1.013 -1.038
[0.000]*** [0.000]*** [0.000]***
N 5766 5767 5755
rho -0.260 -0.185 -0.485
Wald test of indep. Eqns.: Prob > chi2 2.866 2.841 2.905
Overall Fit of the Model: Prob > chi2 [0.000]*** [0.000]*** [0.000]***
*** Significant at the 0.01 level,  ** Significant at the 0.05 level,   * Significant at the 0.10 level.
This table presents the results from the Average Treatment Effects (ATE) estimation of Equation 2 in the 
study.  All of the variables are described in the Appendix. Panel A presents the results of the structural 
equation (Equation 2a in the text). The dependent variables measure the reading achievement outcomes, and 
the main variable of interest in these regressions is the VPK participant indicator variable. Panel B presents 




ATE First Grade Math 
 
Table 8, Panel A, shows the results of multivariate OLS regressions for SAT-10 Math 
scores in the first grade. The coefficient on the VPK participation dummy is negative and 
significant at the 1% level. The results indicate that first-grade math scores are significantly 
lower for students who participated in the VPK program. KRI Math scores had a positive impact 





















TABLE 8:  Math Achievement

































Wald test of indep. Eqns.: Prob > chi2 2.900
Overall Fit of the Model: Prob > chi2 [0.000]***
*** Significant at the 0.01 level,  ** Significant at the 0.05 level,   * Significant at the 0.10 level.
This table presents the results from the Average Treatment Effects (ATE) estimation of Equation 2 in 
the study.  All of the variables are described in the Appendix. Panel A presents the results of the 
structural equation (Equation 2a in the text). The dependent variables measure the math achievement 
outcomes, and the main variable of interest in these regressions is the VPK participant indicator 
variable. Panel B presents the results for the treatment equation that predicts the presence of VPK 
















































ATE First Grade Math – Two Domains 
 
Table 9, Panel A, shows the results of multivariate OLS regressions for SAT-10 Math’s content 
domains in the first grade. The table shows that the math problem solving and math procedures 





















TABLE 9:  Math Achievement - 2 Domains
PANEL A.   First Grade Math Achievement
Math Problem 
Solving - NCE
































Wald test of indep. Eqns.: Prob > chi2 2.860 2.952
Overall Fit of the Model: Prob > chi2 [0.000]*** [0.000]***
*** Significant at the 0.01 level,  ** Significant at the 0.05 level,   * Significant at the 0.10 level.
VPK
This table presents the results from the Average Treatment Effects (ATE) estimation of Equation 2 in the study.  
All of the variables are described in the Appendix. Panel A presents the results of the structural equation 
(Equation 2a in the text). The dependent variables measure the math achievement outcomes, and the main 
variable of interest in these regressions is the VPK participant indicator variable. Panel B presents the results for 


























ATE Second Grade Math  
 
The data accumulated from the research indicate the ATE estimation results in no math 
achievement for the second graders (see Table 10). As shown in Table 10, Panel A, the results 





















TABLE 10:  Math Achievement







































Wald test of indep. Eqns.: Prob > chi2 2.862
Overall Fit of the Model: Prob > chi2 [0.643]
*** Significant at the 0.01 level,  ** Significant at the 0.05 level,   * Significant at the 0.10 level.
This table presents the results from the Average Treatment Effects (ATE) estimation of Equation 2 in 
the study.   All of the variables are described in the Appendix. Panel A presents the results of the 
structural equation (Equation 2a in the text). The dependent variables measure the math achievement 
outcomes, and the main variable of interest in these regressions is the VPK participant indicator 
variable. Panel B presents the results for the treatment equation that predicts the presence of VPK 

























ATE Second Grade Math – Two Domains 
Similarly, Table 11, Panel A, indicates that VPK participation had no statistically 
significant impact on NCE scores in all content domains, both at the low end and the high end of 
the math skills spectrum in the second grade.  Students who were enrolled in schools with high 
TVAAS scores (measured as Level 4 and 5) and optional-school programs (a form of school 
choice) continued to increase math achievement scores and performance across the two math 


















TABLE 11:  Math Achievement - 2 Domains 
PANEL A.   Second Grade Math Achievement
Math Problem 
Solving - NCE







































Wald test of indep. Eqns.: Prob > chi2 2.848 2.920
Overall Fit of the Model: Prob > chi2 [0.576] [0.738]
*** Significant at the 0.01 level,  ** Significant at the 0.05 level,   * Significant at the 0.10 level.
VPK
This table presents the results from the Average Treatment Effects (ATE) estimation of Equation 2 in 
the study.   All of the variables are described in the Appendix. Panel A presents the results of the 
structural equation (Equation 2a in the text). The dependent variables measure the math achievement 
outcomes, and the main variable of interest in these regressions is the VPK participant indicator 
variable. Panel B presents the results for the treatment equation that predicts the presence of VPK 





























The above findings confirm existing beliefs and evidence about the sustainability of pre-
kindergarten effects on achievement beyond kindergarten entry. The ATE results (Tables 4 to 
11) reveal some important patterns. First, the study showed a positive and statistically significant 
relationship between kindergarten achievement scores and specific first-grade and second-grade 
reading and mathematics skills and knowledge. Second, student demographic characteristics of 
minority, low-income status, gender (male) or student with disabilities were associated with a 
negative impact on reading and math achievement. The study also showed higher academic 
achievement results for first- and second-grade students enrolled in schools with high TVAAS 
and optional-school programs. Third, on the whole, the academic effects of the VPK program in 
later grades were mixed, where the ATE results suggested negative effects in reading and math 
scores in the first grade and, in some cases, evidence of positive effects in reading scores in the 
second grade. There was no evidence that the VPK program had positive or negative effects on 












Summary and Conclusions  
 The purpose of this study was to determine the effects of pre-kindergarten participation 
on student achievement in a large urban school district (Shelby County Schools) as measured by 
norm-referenced reading and math scores for first and second grade. In the current context of 
American public education, high-stakes testing and accountability reforms have been dominant 
influences in shaping policies related to this enterprise even in the early grades. The variance in 
student outcome measures has created an education phenomenon known as the achievement 
gap. Explanations for this phenomenon of variance in student performance has been extensively 
studied and researched by many who have an interest in understanding and closing this gap. This 
study contributes to this literature in that the findings highlight the achievement gap between 
VPK and non-VPK participants in the early grades. A summary of the findings is presented 
along with conclusions, implications, district and state recommendations, and recommendations 
for future study. 
 Since 1965, with the Title 1 Elementary and Secondary Education Act, the federal 
government has sought to narrow the achievement gap by providing early educational 
opportunities to children from disadvantaged backgrounds. Head Start and other state-funded 
programs have worked to support these efforts. A recent event in education has been the 
proliferation of state and federally funded early childhood education programs like pre-
kindergarten and Head Start. The motive for this push is the positive impact Pre-k education has 
on students’ early literacy skills and their future academic success (Invernizzi, Landrum, 
Teichman, & Townsend, 2010). Research in the United States has demonstrated that students 
who attended public-funded pre-kindergarten gained emergent literacy skills essential for 
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kindergarten preparedness and beyond (Virginia Office of Early Childhood Development, 2009). 
Subsequently, many states are implementing Pre-k programs in order to decrease the number of 
students entering kindergarten at risk for reading difficulty (Invernizzi et al., 2010).  
 The predominant literature analyzing the impact of pre-kindergarten programs relies on 
nonexperimental data where the potential exists for nonrandom self-selection into treatment on 
the basis of student-specific characteristics/attributes. In the case of Vanderbilt University’s 
evaluation of the TN-VPK program, randomization was used to ensure that the children applying 
to programs were admitted on a random basis. However, when randomization is not feasible, as 
in this study—owing to data constraints—researchers must rely on nonexperimental or 
observational data. The econometric literature on education program evaluation has witnessed 
profound growth over the past few decades. In this study, an average treatment effect model was 
used to identify the causal effect of participation in the VPK program in Shelby County, 
Tennessee. By modeling the treatment equation (i.e., the probability of receiving treatment) 
together with the structural outcome equation (OLS), self-selection was mitigated. The study 
restricts the sample to VPK and non-VPK participants with complete KRI language and math 
scores for the 2013 school year (kindergarten) in addition to complete SAT-10 reading and math 
scores for the 2014 (first grade) and 2015 (second grade) school years. The final sample is 
obtained from 11, 542 kindergarten students representing the SCS District. 
 The following research questions are central to the empirical part: 
1. Is there a significant univariate difference in the academic achievement in SAT-10 
reading and math norm-referenced scores between students who attended the district-
sponsored pre-kindergarten program (VPK) and students who did not (non-VPK)? 
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2. Is there a significant univariate difference in the academic achievement in each of the 
subdomains of the SAT-10 reading and math scores between students who were attended 
the district-sponsored pre-kindergarten program (VPK) and students who did not (non-
VPK)? 
3. What is the average treatment effect of VPK participation on reading and math 
achievement outcomes in the first grade and second grade, as proxied by SAT-10 reading 
and math norm-referenced scores? 
4. What is the average treatment effect of VPK participation on SAT-10 reading and math 
subdomains in the first grade and second grade? 
Impact on Reading Achievement – Research Questions 1, 2, 3, and 4 
 The comparison of means test revealed no difference in VPK and non-VPK participants 
in the academic achievement outcomes for first- and second-grade reading. Next, the ATE model 
was applied using effects of Pre-k participation, and then a second equation was implemented to 
reduce self-selection bias. Accounting for selection bias, the results of the ATE estimates showed 
that VPK participation had significant negative impact on first-grade reading. The coefficient on 
the VPK participation dummy was negative and significant at the 1% level in all content 
domains, both at the low end and the high end of the reading skills spectrum. All the covariates 
were statistically significant at the 1% level. Demographic characteristics of low-income status, 
gender (male) and students with disabilities were associated with a negative impact on reading 
achievement, while the demographic characteristic of students with limited English proficiency 
(“lep”) had a positive impact on first-grade reading. The positive impact of nearly all 
demographic variables indicated that students who were minority, low-income status or special 
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needs were more likely to enroll in the VPK program. The KRI language scores also had a 
positive effect on first-grade reading achievement.  
In second grade, ATE estimates suggested that VPK participation produced mixed results 
on norm-referenced SAT-10 reading outcomes. The VPK participation dummy was positive and 
not significant at the 5% level in reading scores reported as NCE. Reading comprehension was 
the only content domain in which the coefficient on the VPK participation dummy was positive 
and significant. The effects of the VPK participation dummy variable were mixed at the low end 
and the high end of the reading skills spectrum. KRI language scores continued to have positive 
effects on second-grade reading achievement across all domains. Nearly all student demographic 
variables exert a significant negative impact on second-grade reading scores across domains. 
Students who were enrolled in schools with high TVAAS scores (measured as Level 4 and 5) 
and optional-school programs (a form of school choice) continued to increase reading 
achievement scores and performance across all three SAT-10 reading domains. 
The findings of this study are consistent with a study completed by Nail (2008), which 
focused on students from a large urban school district. The population consisted of low 
socioeconomic, African American, Caucasian, and Hispanic students. The research indicated that 
while there may be limited positive student achievement impact at the earlier grades, by the end 
of third grade there was no significant difference in the performance of VPK participants and 
non-VPK participants 
Impact on Math Achievement – Research Questions 1, 2, 3, and 4 
The comparison of means test for first- and second-grade math revealed that VPK 
participants outperformed non-VPK participants in first-grade math procedures. There was no 
statistically significant difference in the second-grade math outcomes between VPK participants 
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and non-VPK participants. The coefficient on the VPK participation dummy was negative and 
significant at the 1% level in all content domains. KRI Math scores had a positive impact on 
students’ first-grade math scores.  
In second grade, the ATE estimates revealed that VPK participation had no impact on 
second-grade math achievement. There was no statistically significant impact on NCE scores 
across all content domains, both at the low end and the high end of the math skills spectrum. KRI 
Math scores had a positive impact on students’ second-grade math scores. Students who were 
enrolled in schools with high TVAAS scores and optional-school programs continued to increase 
math achievement scores and performance across all two math domains. 
 These findings are consistent with the Vanderbilt study (Lipsey et al., 2015a, 2015b), 
which found that, by the end of kindergarten, children who did not attend VPK had caught up 
and there were no longer significant differences between the two groups. Moreover, by the end 
of second grade and continuing in third, the children who participated in VPK were not 
performing as well on many of the achievement measures as their non-VPK peers. The academic 
gains made by VPK participants began to “fade out” by first grade and vanished by third grade. 
 In sum, the findings of this study should be situated in the context of the urban 
environment from which the sample was taken. In many urban environments, race is often 
conflated with socioeconomic status. The research literature has established that one of the most 
influential factors of academic performance is a student’s family SES, which was affirmed by 
Sirin’s (2005) meta-analysis of 74 studies focusing on the relationship between SES and 
academic achievement. Schools with a high SES level exhibit a pattern of producing higher 
average scores than do schools with low SES level and that have a concentration of low-level 
SES students grouped in a school together. The goal of VPK is to increase the short- and long-
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term human capital and productive efficiency of students from disadvantaged backgrounds who 
are at risk of school failure. The neighborhood effects of an urban environment have a collective 
sway on the academic success of its students. Schools, particularly at the elementary level, tend 
to draw students from the surrounding neighborhoods where the populations are largely uniform 
in their socioeconomic status. Therefore, school populations often reflect the SES characteristics 
of the neighborhoods in which students live. Subsequently, the urban environment (high poverty, 
high crime, high ethnic and/or racial minority population) in which the study was performed had 
a negative impact on the results of this study. 
 Student subgroups, such as minority students, students with disabilities, and students 
from low-income families, have been historically disadvantaged; therefore, finding ways to 
better serve these students is a concern to policymakers and practitioners. High-quality pre-
kindergarten programs need to be designed to reduce the achievement gap between students from 
special populations and regular students (or students exercising high-quality school choice 
options) in the early years of formal schooling. Despite their Pre-k exposure, VPK participants 
showed negative to no gains in reading and math achievement. The role of student demographics 
on the achievement gap and the overall academic achievement of urban students must be 
considered. Coleman’s (1966) seminal report entitled the Equality of Educational Opportunity 
introduced many researchers and policy analysts to the idea that the most important variable in 
the quality of a school is the characteristics of the students themselves. “Peer effects” is a term 
often found in the research literature, and it refers to the cumulative impact of classmates on 
individual student achievement. Peer effects are typically described through a widely researched, 
school-level student characteristic such as SES or race. Rumberger and Palardy (2005) 
discovered that the average socioeconomic background of a school’s population had just as much 
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impact on individual student achievement on state standardized tests as their own socioeconomic 
background. After measuring the impact on achievement growth by moving students from high-
poverty to low-poverty high schools, Rumberger and Palardy (2005) demonstrated that peer 
effects by SES have a significant impact on individual student achievement in a large, national 
sample of students. 
 The results of this study are also supported by Levin’s theories on equity and freedom of 
choice. One of the most important equity concerns about the TN-VPK program is whether or not 
it has accentuated or perpetuated differences in educational opportunity between participants and 
those in conventional schools optional and private schools (Levin & Schwartz, 2005; Reardon, 
2011). Enrollment in high quality schools (optional or TVAAS level 4 or 5) had a significant 
positive impact on the reading and math achievement scores of VPK participants. The majority 
of the students that participated in the VPK program are currently enrolled non-optional schools 
with TVAAS scores below 3. School choice opens possibilities to students that are locked into 
inferior neighborhood schools (Levin, 2012). 
Implications 
The immediate effects of the SCS Pre-k program are a critical factor; children are starting 
off better prepared academically. The impact of the KRI reading and math scores on first- and 
second-grade SAT-10 scores indicate that there was an advantage over those eligible students 
who did not attend the district-funded program. Almost any choice-based program such as VPK 
may produce bias. In Tennessee, preschool age children are not required to attend public schools. 
Because parents are allowed to choose, those who are more motivated, better informed, and more 
optimistic with respect to intended learning outcomes are more likely to participate in the VPK 
program. The results of this study deemed the programming to be productive. 
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With such data, nonrandom selection of participants into the treatment group becomes a 
paramount concern. In this study, the correlation coefficient between the error terms of the ATE 
model (Equations 2a and 2b) is statistically significant at the 1% level of confidence and 
negative, thus confirming the presence of self-selection on VPK participation. The negative 
correlation coefficient also implies that there is a negative correlation between VPK participation 
and second-grade reading and math achievement outcomes. The result can be interpreted to mean 
that parents may be more inclined to have their children participate in the VPK program if the 
parents feel that their children will underperform in subsequent grade levels (i.e., first to second 
grade). This finding is consistent with a study by Chen and Pereyra (2015), which found that 
students from low-income backgrounds tend to be pessimistic about their future academic 
performance, resulting in higher probability of self-selection into the program.  
The explanatory variables that are included in the treatment equation (Eq. 2b) are SES 
status, gender, English proficiency (LEP), students with special needs (SWD), and nonwhite 
status (race). These variables have been used in prior studies to capture the influence of student 
background characteristics on participation in school choice programs (VPK). As a case in point, 
the positive influence of race, SES status, LEP, and SWD on VPK participation implies that 
students with minority and low-income status and who have LEP and special needs were more 
likely to enroll in the VPK program. On the other hand, male students were less likely to 
participate in the VPK program.  
 Levin's framework for evaluating choice policies encapsulates the logic, values, and 
issues stemming from nonrandom selection into the VPK program among parents. When 
discussing the issue of equity, it is important to determine for whom it is being considered. In 
this study, the positive influence of low SES on VPK participation supports evidence from other 
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contexts that parents with low socioeconomic background are motivated to exercise their choice 
options. As a state compensatory pre-kindergarten program, the TN-VPK in general and the 
SCS’s VPK program in particular are interesting because of their design features, which are 
intended to promote educational equity and inclusion, such as using a tiered admission process 
and instituting first come, first serve admissions to children from low-income families. Any 
remaining seats in a given location are then allocated to otherwise high-risk children including 
those with disabilities and limited English proficiency. For many of these children, VPK will 
serve as their academic foundation. For many parents, participation in the VPK program will be 
the first opportunity they have to exercise freedom of choice in education. Consistent with prior 
findings, this study finds that self-selection into the VPK program happens among participants 
from low socioeconomic backgrounds. As complements to the issue of equity, the issue of 
freedom of choice is addressed in terms of who chooses and receives the benefits of choice. In 
this study, the components of equity and freedom of choice include identification of the 
particular distinctions among populations that are the focus of equity such as non-White status 
(race), SES status, gender, LEP, and SWD. 
This study has several limitations that must be kept in mind while interpreting the results. 
The variables included in the ATE models are key variables identified from the literature; 
nevertheless, they do not form a comprehensive list of variables affecting pre-kindergarten 
(VPK) participation. The decision is mostly attributable to the lack of access to such information 
for each individual student. The difficulty in this type of study is the limitation that it is not 
possible to measure the same population of students had they not attended VPK. However, by 
using the average treatment effect test, it is possible to gauge some prediction of the effects.  
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In addition, this study does not have pretreatment variables for VPK participants, a clear 
limitation of the data. Unfortunately, random assignment and pretreatment variables are not 
possible in this study. A potential concern associated with the analysis is that the VPK and non-
VPK participants would not be comparable in kindergarten and second grade on variables that 
the literature has claimed to be important drivers of high/low academic performance. To alleviate 
the bias that results from the nonrandom participation of students in the VPK program, this study 
built a treatment effects model that was developed specifically to analyze the dummy 
endogenous variables (Heckman, 1976, 1978; Angrist, 2004). 
 Data for this study were acquired from one large urban school district. The information 
available provided a list of students who attended public school Pre-k in the Shelby County 
Schools. Information on private, center-based or community-based Pre-k attendance was 
unavailable; therefore, an unspecified number of students who were coded as not having attended 
Pre-k actually attended Pre-k in another arena. The population sample did not offer a diverse 
mixture of socioeconomic or ethnic backgrounds. Ethnicities in the region included 36.2% 
White, 54.1% Black, and 9.1% American Indian, Asian, or Hispanic (US Census Bureau, 2014). 
In the district where this research study was conducted, Pre-k is available to a limited number of 
students based on socioeconomic status and special needs. This study was also limited by the 
participants’ mobility rate. Students with a high mobility rate are more difficult to track for data 
purposes.  
 Various years of teaching experience and teacher training may have also impacted the 
student learning process. Children’s early learning trajectories depend on the quality of their 
learning experiences not only before and during their Pre-k year but also following the Pre-k 
year (Phillips et al., 2017). The continued positive effects of Pre-k participation on the first- and 
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second-grade SAT-10 reading and math scores of students who were enrolled in schools with 
high TVAAS scores and optional-school programs in Shelby County support this conclusion. 
District and State Recommendations 
 Recommendations arising from this study fall into two categories: those that have 
application for policy and practice regarding the Voluntary Pre-kindergarten program in the SCS 
District and suggestions for further research. The recommendations for policy and practice are 
related to the continuation of applying for TN-VPK funding for SCS and for the continued 
development of curriculum and other annual planning tools such as professional development 
and application compliance. The increased rigor in the TN-VPK application process and 
continued justification for funding make the implications of performance measurements an 
integral part of the program. The identification of the effects of student characteristics and 
multiple achievement outcome measures on participation in the program provides data for policy 
decisions.  
1. Continue to complete the annual application for funding to support the expansion of 
VPK classrooms in the district. An analysis of subgroups indicates that economically 
disadvantaged, students with disabilities, and English language learners were 
significantly impacted by participation in the VPK program. These subgroups 
represent two of the three current tiered requirements (economically disadvantaged 
status, special education services, and age) for enrollment. 
2. Continue to monitor VPK enrollments and waiting lists to determine if there is an 
unfilled need in specific school zones regarding the subgroups to which the program 
is geared, specifically the economically disadvantaged.  
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3. Maintain the support system created for Pre-k students by reviewing the districts open 
enrollment policy. There should be some additional supports for the Pre-k students 
and parents to ensure they have the information and the opportunity to enroll in a high 
performing or optional school.  
4. Increase state funding at the school level to ensure high-quality teaching and 
instruction at the elementary level. This will allow all schools in the district to 
provide the same high-quality teaching and educational experiences that occur in its 
high-performing and optional schools. 
Providing an early childhood learning opportunity to students based on a tiered approach 
of enrollment (economically disadvantaged, special education placement, and age) has benefits 
that would not likely otherwise be available in this urban area.  
Suggestions for Further Research 
 Recommendations for further research based on the findings of this study are based in 
areas of outcome measures and demographic characteristics. The researcher recommends a 
longitudinal evaluation of the current SCS VPK program using norm-referenced outcome 
measures. This study would provide the district with valuable information for important budget 
and policy decisions. Research has been conducted around urban districts and experiences of 
VPK programs. However, modeling this study in another urban school district with similar 
demographics and programming specifically tracking the longitudinal scores over a period of 
school years in an urban area would provide comparative data regarding geographic locales. 
Another proposed study to be conducted could also include noncognitive factors (home, parents’ 
education level, attendance, discipline, and teacher effectiveness levels). Isolating VPK or pre-
kindergarten effects from family, student, and external-related inputs is challenging under any 
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conditions, and it is especially problematic in evaluating pre-kindergarten programs, where 
students are likely to differ from their peers in Shelby County Schools by their self-selection into 
Pre-k. Differences between self-selecting (VPK) and non-selecting (VPK) participants may be 
related to academic performance in positive or negative ways and therefore may introduce 
selection bias into research that seeks to compare achievement between VPK and non-VPK 
participants. To date, studies have controlled for selection bias by using randomized assignments 
through lotteries or longitudinal analyses using quasi-experimental (econometric-related) 
strategies. 
  This study could also be expanded to include the early childhood learning experiences of 
the population from birth. Most of the early childhood learning programs in the United States, 
both universal and voluntary, typically begin around age 4. Barnett (2008) reviewed studies that 
included age as a factor of performance outcomes and recommended that “expanding access to 
children under four… and preschool education policy should be developed in the context of 
comprehensive public policies and programs to effectively support child development from birth 
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1: Variable Names and Definitions 
This table presents the variable names and definitions. 
Variable Definition 
Gender a dummy variable to indicate whether or not a participant 
is female (coded 1) or male (coded 0). 
 
Race  Race of participant (White/Black/Hispanic/Other) 
ED - Economically Disadvantaged  a dummy variable to indicate whether or not a participant 
is economically disadvantaged (coded 1) or not (coded 0) 
-  according to Title I status. 
 
LEP - Limited English Proficiency a dummy variable to indicate whether or not a participant 
is a student with limited English proficiency (coded 1) or 
not (coded 0). 
 
SWD - Students With Disabilities a dummy variable to indicate whether or not a participant 
is a student with a disability (coded 1) or not (coded 0). 
 
P41112 - VPK Program a dummy variable to indicate whether or not a student 
participated attended  (coded 1) or did not attend (coded 
0) the state-funded district sponsored Voluntary Pre-
kindergarten program. 
 
KK1213 - Kindergarten Program a dummy variable to indicate whether or not a student 
attended a district sponsored kindergarten program (coded 
1) or not (coded 0). 
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KRI Math Score1213 Kindergarten Readiness Indicator Math Score- KRI - 
(kindergarten). The KRI Math Score measures students’ 
knowledge of math concepts associated with the 
kindergarten curriculum.  
 
KRI Language Score1213 Kindergarten Readiness Indicator Language Score - KRI - 
(kindergarten). The KRI Language Score measures 
students’ knowledge of language concepts associated with 
the kindergarten curriculum.  
 
TVAASResSchool1415 TVAAS Level of the School in which participants were 
enrolled in at the end of the 1415 (second grade) school 
year. 
 
Optional School1415 a dummy variable to indicate whether or not a student was 
enrolled (coded 1) or not enrolled (coded 0) in an optional 
school (students must apply and qualify for admission) at 
the end of the 1415 (second grade) school year. 
 
treadNCE14 Total Reading Normal Curve Equivalent (first grade). The 
Total Reading subtest assesses the following areas at 
appropriate grade levels: phonemic awareness, decoding, 
phonics, vocabulary, and comprehension. *The SAT-10 
Normal Curve Equivalent (NCE) is a standard score 
derived from the percentile rank that ranges from 1 to 99, 
with a mean of 50 and a standard deviation of 21.06. It is 
an equal interval scale that allows comparison between 
different test for the same student or group of students and 
between different students on the same test. The 
difference between any two successive scores on the NCE 
scale has the same meaning throughout the scale. 
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wssNCE14 Word Study Skills NCE (first grade). The Word Study 
Skills subtest assesses the following early pre-reading 
skills: structural analysis, phonetic analysis (consonant 
sounds and vowel sounds). *The SAT-10 Normal Curve 
Equivalent (NCE) is a standard score derived from the 
percentile rank that ranges from 1 to 99, with a mean of 
50 and a standard deviation of 21.06. It is an equal 
interval scale that allows comparison between different 
test for the same student or group of students and between 
different students on the same test. The difference 
between any two successive scores on the NCE scale has 
the same meaning throughout the scale. 
 
wordreadNCE14 Word Reading NCE (first grade). The Word Reading 
Skills subtest assess students word decoding skills through 
different task such as matching printed words with spoken 
words and matching pictures with written words. *The 
SAT-10 Normal Curve Equivalent (NCE) is a standard 
score derived from the percentile rank that ranges from 1 
to 99, with a mean of 50 and a standard deviation of 
21.06. It is an equal interval scale that allows comparison 
between different test for the same student or group of 
students and between different students on the same test. 
The difference between any two successive scores on the 
NCE scale has the same meaning throughout the scale. 
 
rcomNCE14 Reading Comprehension NCE (first grade). The Reading 
Comprehension subtest assesses students’ comprehension 
within the framework of three types of materials or 
purposes for reading: literary, informational, and 
functional text. It also measures multiple modes of 
comprehension: initial understanding, interpretation, 
critical analysis, and awareness and usage of reading 
strategies. *The SAT-10 Normal Curve Equivalent (NCE) 
is a standard score derived from the percentile rank that 
ranges from 1 to 99, with a mean of 50 and a standard 
deviation of 21.06. It is an equal interval scale that allows 
comparison between different test for the same student or 
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group of students and between different students on the 
same test. The difference between any two successive 
scores on the NCE scale has the same meaning throughout 
the scale. 
 
sentreadNCE14 Sentence Reading NCE (first grade). The Sentence 
Reading subtest assesses students’ ability to read and 
understand predictable sentences, simple sentences, and 
pairs of related sentences. The students must also 
demonstrate awareness of onset-rime. *The SAT-10 
Normal Curve Equivalent (NCE) is a standard score 
derived from the percentile rank that ranges from 1 to 99, 
with a mean of 50 and a standard deviation of 21.06. It is 
an equal interval scale that allows comparison between 
different test for the same student or group of students and 
between different students on the same test. The 
difference between any two successive scores on the NCE 
scale has the same meaning throughout the scale. 
 
rcomsrNCE14 Reading Comprehension and Sentence Reading NCE (first 
grade). Skills measured include: predictable text, onset-
rime and simple sentences. *The SAT-10 Normal Curve 
Equivalent (NCE) is a standard score derived from the 
percentile rank that ranges from 1 to 99, with a mean of 
50 and a standard deviation of 21.06. It is an equal 
interval scale that allows comparison between different 
test for the same student or group of students and between 
different students on the same test. The difference 
between any two successive scores on the NCE scale has 
the same meaning throughout the scale. 
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langNCE14 Comprehensive Language NCE (first grade). The 
Comprehensive Language subtest measures pre-writing, 
composing, and editing in a holistic fashion that resembles 
authentic writing tasks. In a testing situation, it replicates 
the writing process as closely as possible. *The SAT-10 
Normal Curve Equivalent (NCE) is a standard score 
derived from the percentile rank that ranges from 1 to 99, 
with a mean of 50 and a standard deviation of 21.06. It is 
an equal interval scale that allows comparison between 
different test for the same student or group of students and 
between different students on the same test. The 
difference between any two successive scores on the NCE 
scale has the same meaning throughout the scale. 
 
partialNCE14 Partial Battery NCE (first grade). The Partial Battery 
score is based on the combined scores for Total Reading 
and Total Math. *The SAT-10 Normal Curve Equivalent 
(NCE) is a standard score derived from the percentile rank 
that ranges from 1 to 99, with a mean of 50 and a standard 
deviation of 21.06. It is an equal interval scale that allows 
comparison between different test for the same student or 
group of students and between different students on the 
same test. The difference between any two successive 
scores on the NCE scale has the same meaning throughout 
the scale. 
 
tmathNCE14 Total Math NCE (first grade). The Total Math score is 
based on subtest in math problem solving and math 
procedures. *The SAT-10 Normal Curve Equivalent 
(NCE) is a standard score derived from the percentile rank 
that ranges from 1 to 99, with a mean of 50 and a standard 
deviation of 21.06. It is an equal interval scale that allows 
comparison between different test for the same student or 
group of students and between different students on the 
same test. The difference between any two successive 




mathpsNCE14 Math Problem Solving NCE (first grade).  The Math 
Problem Solving subtest assesses the skills and knowledge 
necessary to solve problems: number sense and 
operations; patterns, relationships, and algebra; data, 
statistics, and probability; geometry and measurement; 
communication and representation; estimation, 
mathematical connections; reasoning and problem 
solving. *The SAT-10 Normal Curve Equivalent (NCE) is 
a standard score derived from the percentile rank that 
ranges from 1 to 99, with a mean of 50 and a standard 
deviation of 21.06. It is an equal interval scale that allows 
comparison between different test for the same student or 
group of students and between different students on the 
same test. The difference between any two successive 
scores on the NCE scale has the same meaning throughout 
the scale. 
 
mathprocNCE14 Math Procedures NCE (first grade). The Math Procedures 
subtest assesses the students’ ability to apply the rules and 
methods of arithmetic (number facts, computation with 
whole numbers, computation in context, and computation 
with symbolic notation) to problems that require 
arithmetic solutions. *The SAT-10 Normal Curve 
Equivalent (NCE) is a standard score derived from the 
percentile rank that ranges from 1 to 99, with a mean of 
50 and a standard deviation of 21.06. It is an equal 
interval scale that allows comparison between different 
test for the same student or group of students and between 
different students on the same test. The difference 
between any two successive scores on the NCE scale has 
the same meaning throughout the scale. 
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treadNCE15 Total Reading Normal Curve Equivalent (second grade). 
The Total Reading subtest assesses the following areas at 
appropriate grade levels: phonemic awareness, decoding, 
phonics, vocabulary, and comprehension. *The SAT-10 
Normal Curve Equivalent (NCE) is a standard score 
derived from the percentile rank that ranges from 1 to 99, 
with a mean of 50 and a standard deviation of 21.06. It is 
an equal interval scale that allows comparison between 
different test for the same student or group of students and 
between different students on the same test. The 
difference between any two successive scores on the NCE 
scale has the same meaning throughout the scale. 
 
wssNCE15 Word Study Skills NCE (second grade). The Word Study 
Skills subtest assesses the following early pre-reading 
skills: structural analysis, phonetic analysis (consonant 
sounds and vowel sounds). *The SAT-10 Normal Curve 
Equivalent (NCE) is a standard score derived from the 
percentile rank that ranges from 1 to 99, with a mean of 
50 and a standard deviation of 21.06. It is an equal 
interval scale that allows comparison between different 
test for the same student or group of students and between 
different students on the same test. The difference 
between any two successive scores on the NCE scale has 
the same meaning throughout the scale. 
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rvocNCE15 Reading Vocabulary NCE (second grade). The Reading 
Vocabulary subtest measures students’ knowledge of 
vocabulary by identifying synonyms, multiple meanings 
of words, and using context clues to determine the 
meaning of an unknown word. *The SAT-10 Normal 
Curve Equivalent (NCE) is a standard score derived from 
the percentile rank that ranges from 1 to 99, with a mean 
of 50 and a standard deviation of 21.06. It is an equal 
interval scale that allows comparison between different 
test for the same student or group of students and between 
different students on the same test. The difference 
between any two successive scores on the NCE scale has 
the same meaning throughout the scale. 
 
rcomNCE15 Reading Comprehension NCE (second grade). The 
Reading Comprehension subtest assesses students’ 
comprehension within the framework of three types of 
materials or purposes for reading: literary, informational, 
and functional text. It also measures multiple modes of 
comprehension: initial understanding, interpretation, 
critical analysis, and awareness and usage of reading 
strategies. *The SAT-10 Normal Curve Equivalent (NCE) 
is a standard score derived from the percentile rank that 
ranges from 1 to 99, with a mean of 50 and a standard 
deviation of 21.06. It is an equal interval scale that allows 
comparison between different test for the same student or 
group of students and between different students on the 
same test. The difference between any two successive 




tmathNCE15 Total Math NCE (second grade). The Total Math score is 
based on subtest in math problem solving and math 
procedures. *The SAT-10 Normal Curve Equivalent 
(NCE) is a standard score derived from the percentile rank 
that ranges from 1 to 99, with a mean of 50 and a standard 
deviation of 21.06. It is an equal interval scale that allows 
comparison between different test for the same student or 
group of students and between different students on the 
same test. The difference between any two successive 
scores on the NCE scale has the same meaning throughout 
the scale. 
 
mathpsNCE15 Math Problem Solving NCE (second grade).  The Math 
Problem Solving subtest assesses the skills and knowledge 
necessary to solve problems: number sense and 
operations; patterns, relationships, and algebra; data, 
statistics, and probability; geometry and measurement; 
communication and representation; estimation, 
mathematical connections; reasoning and problem 
solving. *The SAT-10 Normal Curve Equivalent (NCE) is 
a standard score derived from the percentile rank that 
ranges from 1 to 99, with a mean of 50 and a standard 
deviation of 21.06. It is an equal interval scale that allows 
comparison between different test for the same student or 
group of students and between different students on the 
same test. The difference between any two successive 
scores on the NCE scale has the same meaning throughout 
the scale. 
 
mathprocNCE15 Math Procedures NCE (second grade). The Math 
Procedures subtest assesses the students’ ability to apply 
the rules and methods of arithmetic (number facts, 
computation with whole numbers, computation in context, 
and computation with symbolic notation) to problems that 
require arithmetic solutions. *The SAT-10 Normal Curve 
Equivalent (NCE) is a standard score derived from the 
percentile rank that ranges from 1 to 99, with a mean of 
50 and a standard deviation of 21.06. It is an equal 
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interval scale that allows comparison between different 
test for the same student or group of students and between 
different students on the same test. The difference 
between any two successive scores on the NCE scale has 
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